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Chapter  1 

I.      INTRODUCTION 

A.   BACKGROUND  AND  GENERAL  INTRODUCTION 

Multiple-use  management  is  the  central  concept  in  the 
Federal  Land  Policy  and  Management  Act  of  1976  (FLPMA)  .   FLPMA 
mandates  that  "the  public  lands  be  managed  in  a  manner  that 
will  protect  the  quality  of  scientific,  scenic,  historical, 
ecological,  environmental,  air  and  atmospheric,  water  resource, 
and  archeological  values."  Multiple-use  management  is  defined 
in  FLPMA  (43  U.S.C.  1702(c))  and  in  regulations  (43  CFR  1601.0- 
5(f))  as,  in  part,  the  "harmonious  and  coordinated  management 
of  the  various  resources  without  permanent  impairment  of  the 
productivity  of  the  lands  and  the  quality  of  the  environment 
with  consideration  being  given  to  the  relative  values  of  the 
resources  and  not  necessarily  to  the  combination  of  uses  that 
will  give  the . greatest  economic  return  or  the  greatest  unit 
output."   In  addition,  FLPMA  mandates  that  activities  be 
conducted  so  as  to  prevent  "unnecessary  or  undue  degradation  of 
the  lands"  (43  U.S.C.  1732(b)). 

The  Mining  and  Minerals  Policy  Act  of  1970  (30  U.S.C-  21a) 
established  the  policy  for  the  Federal  Government  relating  to 
mining  and  mineral  development.   The  Act  states  that  it  is 
policy  to  encourage  the  development  of.  "economically  sound  and 
stable  domestic  mining,  minerals,  metal  and  mineral  reclamation 
industries."  The  Act  also  states,  however,  that  the  Government 
should  also  promote  the  "development  of  methods  for  the 
disposal,  control,  and  reclamation  of  mineral  waste  products, 
and  the  reclamation  of  mined  land,  so  as  to  lessen  any  adverse 
impact  of  mineral  extraction  and  processing  upon  the  physical 
environment  that  may  result  from  mining  or  mineral  activities . " 
o  ■  ~ 

Therefore,  it  is  a  statutory  mandate  that  BLM  ensure  that 
reclamation  and  closure  of  mineral  operations  be  completed  in 
an  environmentally  sound  manner.   To  accomplish  this  task,  it 
is  necessary  to  establish  nationwide  standards  as  a  basis  for 
development  of  site-specific  reclamation  requirements.   The  BLM 
professionals  who  establish  site-specific  requirements  based  on 
these. nationwide  standards,  review  reclamation  plans  and 
conduct  inspection  and  enforcement  on  mineral  operations  will 
use  these  guidelines  to  judge  the  adequacy  of  the  proposed  and 
performed  reclamation  activities.   In  addition,  they  will 
inform  operators  of  the  standards  by  which  their  reclamation 
efforts  will  be  judged. 
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BLM  exercises  the  authority  to  supervise  exploration,       '- 
mining,  and  reclamation  activities  on  Indian  lands  pursuant  to 
25  U.S.C.  396d  and  25  CFR  Parts  211,  212,  and  216.   The 
standards  developed  for  reclamation  and  closure  on  Federal 
lands  will  apply  to  operations  conducted  on  Indian  lands.   The 
Government's  trust  responsibilities  for  the  various  Indian 
tribes  and  entities  require  that  BLM  ensure  proper  reclamation 
and  closure  practices.   The  regulations  governing  operations  on 
Indian  lands  require  that  "adequate  measures  be  taken  to  avoid, 
minimize,  or  correct  damage  to  the  environment — land,  water, 
and  air — and  to  avoid,  minimize,  or  correct  hazards  to  the 
public  health  and  safety"  (25  CFR  216.1). 

The  BLM  is  providing  in  this  H-3042-1  handbook, 
reclamation  information  and  guidance  that  is  readily  available 
and  applicable  to  various  situations  and  conditions.   The  BLM's 
long-term  reclamation  goals  are  to  shape,  stabilize, 
revegetate,  or  otherwise  treat  disturbed  areas  in  order  to 
provide  a  selfj^su^J^nln^ 

p^QYj^s_a_^rodu^trv^jase_of^  conforms  to  the 

approved  land-use  plan  for  tne  area .   The  short-term 
reclamation  goals  are  to  sta^iJj^ze^dJ^stu^ed^ar^as^and  to 
protect  both  disturbed  and  adjacent  undisturbed  areas  from 
unnecessary  or  undue  degradation. 

The  purpose  of  this  handbook  is  to  provide  consistent 
reclamation  guidelines  for  all  solid  non-coal  mineral 
activities  conducted  under  the  authority  of  the  BLM  minerals 
regulations  in  Title  43  of  the  CFR.   The  intent  is  to  provide 
the  user  with  clea*  guidance  which  highlights  a  logical 
sequence -for  managing  the  reclamation  process  and  a  summary  of 
key  reclamation  principles. 

B.   AUTHORITIES 

This  handbook  provides  consistent  reclamation  guidelines 
for  all  surface-disturbing  activities  conducted  under  the 
authorities  and  implementing  regulations  listed  in  BLM  Manual 
Section  3042.   These  authorities  govern  the  exploration, 
development  and  mining  of  noncoal  solid  minerals  as  well  as 
reclamation  of  lands  disturbed  as  result  of  such  operations. 
Additional  State  and  Federal  environmental  statutes  and 
regulations  also  provide  authority  for  specific  reclamation  and 
mitigation  requirements. 
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This  handbook  addresses  reclamation  for  operations 
conducted  under  the  provisions  of  the  regulations  at  43  CFR 
Group  3500  for  the  solid  leasable  minerals  other  than  coal;  43 
CFR  Group  3600  for  mineral  materials;  and  43  CFR  Parts  3802  and 
3809  for  locatable  minerals.   The  authority  for  regulating 
surface  coal  mine  reclamation  was  given  to  the  Office  of 
Surface  Mining  Reclamation  and  Enforcement  when  Congress 
enacted  the  Surface  Mine  Control  and  Reclamation  Act  of  1977. 

Because  of  differences  in  the  statutory  authority  granted 
the  Secretary  of  the  Interior  and  delegated  to  the  Director  of 
the  Bureau  of  Land  Management,  the  guidance  in  this  handbook 
does  not  apply  uniformly  to  all  noncoal  solid  mineral 
operations  on  public  lands.   These  differences  are  noted  where 
they  exist,  and  specific  programmatic  guidance  in  other  BLM 
manuals  and  handbooks  are  cited  as  cross-references,  where 
applicable.   In  most  cases,  the  technical  procedures  are 
applicable  to  all  types  of  operations,  regardless  of  the 
authorizing  authority. 

C.  POLICY 

The  policy  governing  land  reclamation  is  set  forth  in 
numerous  BLM  Manual  Sections.   Of  special  note  are  Manual 
Sections  3042,  3590,  3600  and  3809. 

D.  RECLAMATION  STANDARDS 

The  required  reclamation  standards  shall  not  conflict  with 
the  Resource  Management  Plan,  the  Management  Framework  Plan,  or 
other -land  use  planning  document  objectives.   An 
interdisciplinary  approach  shall  be  used  to  analyze  the 
physical,  chemical,  biological,  climatic,  and  other  site 
characteristics  and  make  recommendations  for  the  reclamation 
Iplan.   Where  appropriate,  consider  the  early  development  of_ 
test  plots  to  determine  the  best  local  procedures  and  practices 
for  revegetation.   Revisions  of  the  reclamation  standards 
themselves  may  be  made  only  with  the  consent  of  the  operator. 
In  order  for  a  disturbed  area  to  be  considered  properly 
reclaimed,  the  following  must  be  complied  with: 

1.   waste  Management.   All  undesirable  materials  (e.g. 
toxic  subsoil,  contaminated  soil,  drilling  fluids,  process 
residue,  refuse,  etc.)  shall  be  isolated,  removed,  or  buried, 
'or  otherwise  disposed  as  appropriate,  in  a  manner  providing  for 
long-term  stability  and  in  compliance  with  all  applicable  State 
and  Federal  requirements. 

a.   The  area  shall  be  protected  from  future 
contamination  resulting  from  an  operator's  mining  and 
reclamation  activities. 
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b.  There  shall  be  no  contaminated  materials  remaining 
at  or  near  the  surface. 

c.  Toxic  substances  that  may  contaminate  air,  water, 
soil,  or  prohibit  plant  growth  shall  be  isolated,  removed, 
buried  or  otherwise  disposed  of  in  an  appropriate  manner. 

d.  Waste  disposal  practices  and  the  reclamation  of 
waste  disposal  facilities  shall  be  conducted  in  conformance  to 
applicable  Federal  and  State  requirements. 

2.  Subsurface.   The  subsurface  shall  be  properly 
stabilized,  holes  and  underground  workings  properly  plugged, 
when  required,  and  subsurface  integrity  ensured  subject  to 
applicable  Federal  and  State  requirements. 

3 .  Site  Stability. 

a.  The  reclaimed  area  shall  be  stable  and  exhibit 
none  of  the  following  characteristics: 

(1)  Large  rills  or  gullies. 

(2)  Perceptible  soil  movement  or  head  cutting  in 
drainages . 

(3)  Slope  instability  on  or  adjacent  to  the 
reclaimed  area. 

b.  The  slope  shall  be  stabilized  using  appropriate 
reshaping  and  earthwork  measures,  including  proper  placement  of 
soils  and  other  materials. 

c.  Appropriate  water  courses  and  drainage  features 
shall  be  established  and  stabilized. 

4.  Water  Management.   The  quality  and  integrity  of 
affected  ground  and  surface  waters  shall  be  protected  as  a  part 
of  mineral  development  and  reclamation  activities  in  accordance 
with  applicable  Federal  and  State  requirements. 

a.  Appropriate  hydrologic  practices  shall  be  used  to 
protect  and,  if  practical,  enhance  both  the  quality  and 
quantity  of  impacted  waters. 

b.  Where  appropriate,  actions  shall  be  taken  to 
eliminate  ground  water  commingling  and  contamination. 

c.  Drill  holes  shall  be  plugged  and  underground 
openings,  such  as  shafts,  slopes,  stopes,  and  adits,  shall  be 
closed  in  a  manner  which  protects  and  isolates  aquifers  and 
prevents  infiltration  of  surface  waters,  where  appropriate. 
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d.  Waste  disposal  practices  shall  be  designed  and 
conducted  to  provide  for  long-term  ground  and  surface  water 
protection. 

5.  Soil  Management.   Topsoil,  selected  subsoils,  or 
other  materials  suitable  as  a  growth  medium  shall  be  salvaged 
from  areas  to  be  disturbed  and  managed  for  later  use  in 
reclamation. 

6.  Erosion  Prevention.   The  surface  area  disturbed  at 
any  one  time  during  the  development  of  a  project  shall  be  kept 
to  the  minimum  necessary  and  the  disturbed  areas  reclaimed  as 
soon  as  is  practical  (concurrent  reclamation)  to  prevent 
unnecessary  or  undue  degradation  resulting  from  erosion. 

a.  The  soil  surface  must  be  stable  and  have  adequate 
surface  roughness  to  reduce  run-off,  capture  rainfall  and  snow 
melt,  and  allow  for  the  capture  of  windblown  plant  seeds. 

b.  Additional  short-term  measures,  such  as  the 
application  of  mulch  or  erosion  netting,  may  be  necessary  to 
reduce  surface  soil  movement  and  promote  revegetation. 


c.   Soil  conservation  measures,  including  surface 
/manipulation,  reduction  in  slope  angle,  revegetation,  and  water 
management  techniques,  shall  be  used. 


d.   Sediment  retention  structures  or  devices  shall  be 
located  as  close  to  the  source  of  sediment  generating 
activities  as  possible  to  increase  their  effectiveness  and 
reduce  environmental  impacts. 

7.   Revegetation.   When  the  final  landform  is  achieved, 
, V  the  surface  shall  be  stabilized  by  vegetation  or  other  means  as 
soon  as  practical  to  reduce  further  soil  erosion  from  wind  or 
.y   Aj*    water,  provide  forage  and  cover,  and  reduce  visual  impacts. 
[J1     v      Specific  criteria  for  evaluating  revegetation  success  must  be 
site-specific  and  included  as  a  part  of  the  reclamation  plan. 

a.  Vegetation  production,  species  diversity,  and 
cover  (on  unforested  sites) ,  shall  approximate  the  surrounding 
undisturbed  area. 

b.  The  vegetation  shall  stabilize  the  site  and 
support  the  planned  post-disturbance  land  use,  provide  natural 
plant  community  succession  and  development,  and  be  capable  of 

renewing  itself.   This  shall  be  demonstrated  by: 

(1)   Successful  onsite  establishment  of  the  species 
included  in  the  planting  mixture  and/or  other  desirable 
species . 
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(2)  Evidence  of  vegetation  reproduction,  either 
spreading  by  rhizomatous  species  or  seed  production. 

(3)  Evidence  of  overall  site  stability  and 
sustainability. 

c.  Where  revegetation  is  to  be  used,  a  diversity  of 
vegetation  species  shall  be  used  to  establish  a  resilient, 
self-perpetuating  ecosystem  capable  of  supporting  the  post- 
mining  land  use.   Species  planted  shall  include  those  that  will 
provide  for  quick  soil  stabilization,  provide  litter  and 
nutrients  for  soil  building,  and  are  self -renewing.   Except  in 
extenuating  circumstances,  naj^ye__s_pj2jxies__sjhj^ 

preference  in  revegetation  efforts.  ~^— 

d.  Species  diversity  should  be  selected  to 
accommodate  long-term  land  uses,  such  as  rangeland  and  wildlife 
habitat,  and  to  provide  for  a  reduction  in  visual  contrast. 

e.  Fertilizers,  other  soil  amendments,  and  irrigation 
shall  be  used  only  as  necessary  to  provide  for  establishment 
and  maintenance  of  a  self-sustaining  plant  community. 

f.  Seedlings  and  other  young  plants  may  require 
protection  until  they  are  fully  established.   Grazing  and  other 
intensive  uses  may  be  prohibited  until  the  plant  community  is 
appropriately  mature. 

g.  Where  revegetation  is  impractical  or  inconsistent 
with  the  surrounding  undisturbed  areas,  other  forms  of  surface 
stabilization,  such  as  rock  pavement,  shall  be  used. 

8.  Visual  Resources.   To  the  extent  practicable,  the 
reclaimed  landscape  should  have  characteristics  that 
approximate  or  are  compatible  with  the  visual  quality  of  the 
adjacent  area  with  regard  to  location,  scale,  shape,  color,  and 
orientation  of  major  landscape  features. 

9.  Site  Protection.   During  and  following  reclamation 
activities  the  operator  is  responsible  for  monitoring  and,  if 
necessary,  protecting  the  reclaimed  landscape  to  help  ensure 
reclamation  success  until  the  liability  and  bond  are  released. 

10.  Site  Specific  Standards.   All  site-specific 
standards  must  be  met  in  order  for  the  site  to  be  properly  and 
adequately  reclaimed. 
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Designing  a  Site  Reclamation  Program 


Calcium  Requirement 

*  use  calcium  nitrate  (1000  kg/ha)  on  new  spill  immediately. 

*  use  pH  value  to  choose  between  gypsum  or  lime. 

*  use  sodium  analysis  to  determine  calcium  requirement. 

Nutrient  Requirements 

*  use  organic  matter  analysis  to  determine  if  manure  is  needed. 

*  apply  manure  to  all  old  spills. 

*  use  NPKS  results  to  determine  if  fertilizer  is  required. 

Apply  Amendments 

*  set  out  stakes  to  define  site. 

*  apply  amendments  (calcium  and  fertilizer). 

*  conduct  subsoil  ripping. 

*  spread  manure  if  required. 

Seeding  Program 

*  select  seed  mix 

*  seedbed  preparation 

*  broadcast  or  drill  seed 

*  harrow 

*  irrigate  if  necessary 

Monitor  Results 

*  measure  plant/crop  success  each  year 

*  sample  soils  every  two  years 

*  keep  records 

Note:    As  soil  conditions  vary  from  site  to  site,  soil  tests  should  be  undertaken  to 
determine  application  rates  and  whether  limestone  or  gypsum  should  be  used. 
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IV.    RECLAMATION  OF  SITE  ACCESS 

A.  INTRODUCTION 

Roads,  railroads,  and  other  types  of  site  access  are 
common  to  virtually  all  phases  of  mineral  development.   Careful 
consideration  of  the  access  requirements  is  crucial  to  a 
thorough  analysis  of  any  proposal.   Access  can  often  be  one  of 
the  major  surface  impacts  related  to  exploration  and  mining 
activity. 

B.  TRANSPORTATION  AND  TEMPORARY  EXPLORATION  ACCESS 

1.  Roads 

Determine  before  construction  if  the  road  is  to  be 
retained  or  reclaimed.   The  road  construction  method  determines 
the  amount  of  disturbance  which  needs  to  be  reclaimed.   Consult 
Bureau  Manual  Section  9113  for  road  construction  guidelines  for 
all  roads,  especially  those  which  will  be  retained  and 
incorporated  into  the  Bureau  road  network. 

2.  Road  Location  and  Construction  Guidelines 

a.  Access  routes  should  be  planned  for  the  minimum  width 
needed  for  safe  operations  and  should  follow  natural 
contours  where  practicable,  to  minimize  cut  and  fill. 
If  suitable  for  reclamation  purposes,  excess  material 
from  cuts  should  be  appropriately  stockpiled. 
Salvage  topsoil  during  construction,  and  store  uphill 
if  possible. 

b.  Select  routes  which  minimize  surface  disturbance. 
Use  existing  access  where  appropriate  to  minimize 
surface  disturbance.   Criteria  considered  during 
route  location  should  reflect  concerns  discussed  in 
the  RMP  or  other  land-use  planning  documents. 

c.  Select  routes  which  are  stable  and  dry.   When  wet 
areas  cannot  be  avoided,  consider  the  use  of 
geotextiles,  mattes,  planking,  or  rock  to  improve  the 
subbase  and  minimize  rutting  and  erosion. 

d.  Avoid  sustained  grades  greater  than  10  percent  and 
side  slopes  greater  than  45  percent.   Short  sections 
of  steep  grade  may  be  preferable  to  long  sections  of 
low  grade  in  some  locations.   Ridgeline  and  contour 
roads  provide  the  flattest  slopes. 
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e.  Drainage  structures  or  energy  dissipators  should  be 
used  where  appropriate  on  all  roads.   Use  filter 
windrows  at  the  bottom  of  cut  and  fill  slopes  to  help 
limit  erosion.   Use  design  storm  events  as  described 
in  Chapter  VII  of  this  handbook. 

f.  When  possible  avoid  areas  where  snow  drifts  &r..Ay  late 
into  the  spring.  These  areas  may  be  unstable  and 
difficult  to  revegetate. 

g.  Where  roads  cross  intermittent  drainages,  dips  in  the 
roadbed  may  be  used  to  allow  drainage  across  the 
road. 

h.   Most  roads  should  be  crowned  and  include  ditches  or 
sloped  roadbeds.   See  Figure  IV- 1. 

i.   Fill  and  cut  slopes  shall  be  constructed  to  ensure 
sl@pe  stability  and  erosion  control.   Maintain  a 
sufficient  distance  from  the  toe  of  the  fill  to 
streams  depending  on  hillside  slope  and  anticipated 
maximum  stream  flow.   Placement  of  fill  in  excess  of 
two  feet  to  construct  roads  or  other  earthen 
structures  shall  be  compacted  in  accordsnce  with 
acceptable  geotechnical  and  civil  engineering 
standards  and  practices. 

3.   Road  Reclamation  Guidelines 

a.  Remove  all  surfacing  (i.e.  pavement)  from  the  road 
surface. 

b.  If  roads  are  to  be  utilized  for  more  than  one  year, 
mulching  and  seeding  of  cut  and  fill  slopes  should  be 
completed  immediately  after  disturbance  to  control 
erosion  and  establish  vegetative  cover.   Seed  types, 
fertilizer,  and  rates  of  application  can  be  found  in 
the  revegetation  section. 

Remove  culverts  and  restore  drainage  to  its  pre- 
Listurbance  configuration. 

d.  Shape  roads  and  associated  disturbance  in  conformance 
with  the  reclamation  standards  included  in  this 
handbook  and  Manual  Section  3042. 

e.  Roads  should  be  ripped  to  reduce  compaction. 
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Figure  IV-1 


Figure  IV-1 
Typical  Road  Section 
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f .  Shaping  and  grading  can  range  from  only  outsloping 
the  road  surface  to  full  restoration  of  the 
disturbance  to  the  original  contours.   At  the 
minimum,  pull  the  berm  back  into  the  road  prism, 
outslope  the  road  surface,  spread  topsoil  or  other 

-  suitable  growth  medium,  and  scarify  the  surface  prior 
to  revegetation. 

g.  On  wide  roads  where  a  travelway  is  to  be  retained, 
locate  it  on  the  outside  portion  of  the  existing  road 
and  reclaim  the  remaining  road  width. 

h.   Mitigate  the  visual  impacts  whenever  possible  by 
reducing  the  cutslopes  and  introducing  trees  or 
shrubs  to  the  reclaimed  road  sites.   Consider 
hydromulching  cut  slopes  to  reduce  the  long  term 
visual  impacts. 

C.   EXPLORATION  ACCESS 

1.   Location  Guidelines 

Use  existing  access  or  consider  cross  country  travel 
whenever  possible.   Where  there  is  no  existing  access,  use  the 
following  guidelines: 

a.  Follow  natural  terrain  wherever  possible  to  minimize 
cut  and  fill. 

b.  If  access  is  located  in  dry  intermittent  drainage 
way,  do  not  alter  the  drainage  way  so  as  to  impede 
free  drainage.   Do  not  channelize  drainage  way. 

c.  Keep  side  cast  material  as  far  as  possible  from 
perennial  water  and  riparian  zones  (seeps,  springs, 
etc.).    Sidecast  material  should  not  be  placed  in 
ephemeral  or  intermittant  drainages. 

d.  Crossing  perennial  water  should  be  discouraged, 
however,  if  necessary,  BLM  should  work  with  the 
operator  to  develop  guidelines  for  each  water 
crossing  on  a  site-specific  basis. 

e.  For  exploration  access,  a  minimum  of  center  line 
staking  and  on-site  examination  prior  to  construction 
is  required. 

f.  The  management  of  surface  water  drainage  shall  be 
addressed  for  all  roads  constructed  on  public  lands. 
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2 .   Reclamation  Guidelines 

When  post-exploration  alternatives  permit,  exploration 
access  should  be  stabilized  and  conditioned  for  those 
alternative  uses.   Exploration  access  roads  which  will  not  be  a 
part  of  post-exploration  use  should  be  reclaimed  in  a  timely 
manner.   Exploration-related  roads  should  be  completely- 
reclaimed  when  no  longer  necessary. 

D.   RAILROADS 

Railroads  are  sometimes  used  in  large  mining  operations. 
The  reclamation  of  railroads  is  similar  to  that  for  roads. 
Ties  and  rails  should  be  removed.   Remove  ballast  or  reclaim 
with  the  ballast  in  place.   Railroad  beds  should  always  be 
considered  for  appropriate  secondary  uses. 
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V.     RECLAMATION  OF  DRILLING  OPERATIONS 

A.  INTRODUCTION 

Many  types  of  exploration  activities  have  the  potential 
for  significant  impact  on  the  surface  and  other  resources.   As 
a  part  of  the  required  plan,  notice  or  license,  the  operator 
must  include  provisions  for  reclamation  and  abandonment  of 
drill  holes,  drill  pads,  and  other  surface  and  subsurface 
disturbances  created  by  the  exploration  activity.   Specific 
requirements  for  reclamation  of  exploration  activities  must 
acknowledge  and  consider  that  activities  conducted  in  areas 
which  will  be  mined  within  one  year  may  need  minimal 
reclamation. 

Drill  holes  and  other  excavations  for  exploration, 
development,  or  prospecting  must  be  completed  in  a  manner 
consistent  with  applicable  state  and  Federal  regulations. 
Methods  of  reclamation  shall  be  approved  in  advance  by  the  AO 
in  a  reclamation  plan,  and  may  include  backfilling,  regrading, 
revegetation,  cementing  or  other  plugging,  and  capped  casing, 
or  combinations  of  these,  or  other  methods,  as  applicable. 

B.  DRILL  HOLES 

The  proper  abandonment  of  drill  holes  will  be  achieved 
when  (1)  all  aquifers  are  adequately  cemented  or  otherwise 
isolated  to  prevent  the  migration  of  liquids  or  gases,  (2)  the 
surface  hole  is  properly  plugged  to  prevent  injury  to  the 
public,  livestock,  and  wildlife,  and  (3)  the  surface  is 
properly  cleaned  up  and  reclaimed  according  to  the  approved 
reclamation  plan. 

All  holes  drilled  for  the  purpose  of  mineral  exploration 
should  be  plugged,  sealed  or  capped  in  a  manner  consistent  with 
the  state  regulations.   These  activities  must  be  conducted  in 
order  to  prevent  adverse  changes  in  ground  water  quality  or 
quantity.   Capping  of  the  drill  holes  shall  be  designed  to 
ensure  the  safety  of  people,  livestock,  wildlife,  and  machinery 
in  the  area.   In  the  absence  of  state  requirements,  or  when 
state  requirements  are  less  stringent,  the  standards  in  this 
chapter  apply. 

If  water  is  not  encountered,  plugging,  sealing,  or  capping 
will  not  be  required  if  development  of  a  mine  or  a  mine 
expansion  occurs  within  one  year  of  the  drilling  activity. 
However,  the  hole  must  be  securely  covered  in  a  manner  which 
will  prevent  injury  to  persons  or  animals,  or  damage  to 
equipment  and  generally  filled  with  cuttings  or  drilling  mud. 
See  Figure  V-l. 
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Figure  V-l 
Drill  Hole  Plugging  Requirements  When  No  Water  Is  Encountered 


Surface 


Compacted  Fill  or  Cement  Plug 


Non-Metallic  Plug 


Cuttings 


Guidelines 

1.  Backfill  hole  with  cutturtgs  or  bentonite  gravel  to 

3'  below  ground  level. 

2.  Install  a  non-metallic  plug  with  approved 

company  identification. 

3.  Backfill  and  tamp  final  3'  with  cuttings  or  use 

cement  plug. 

4.  Spread  excess  cuttings  to  no  more  than  1"  above 

original  ground  level. 
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If  static  water  is  encountered  a  preferred  method  is  to 
fill  the  hole  to  the  surface  with  bentonite  pellets.   Any 
bentonite  drilling  muds  used  to  seal  exploration  drill  holes 
must  meet  the  following  specifications,  as  provided  in  the 
latest  edition  of  the  American  Petroleum  Institute  (API) 
Standard  Procedures  for  Testing  Drilling  Fluids:   1)  ten  minute 
gel  strength  of  at  least  20  lbs./lOO  sq.  ft.,  and  2)  filtrate 
volume  not  to  exceed  13.5  cc.   If  the  drill  rig  is  no  longer  on 
the  site  when  the  hole  is  plugged,  the  use  of  bentonite  gravel 
is  a  suitable  alternative.   See  Figure  V-2 . 

If  artesian  water  is  encountered,  the  hole  should  be 
plugged  to  the  surface  with  cement  meeting  API  standards . 
Alternatively,  bentonite  may  be  used  to  plug  the  hole  if  it  is 
able  to  contain  the  flow  of  water.   See  Figure  V-3. 

Drill  holes  for  development  which  will  not  be  mined 
through  within  the  next  12  months  shall  be  abandoned  to  the 
satisfaction  of  the  AO  by  methods  approved  in  advance  by  the  AO 
and  in  a  manner  to  protect  the  surface  and,  for  leasable 
minerals,  not  to  endanger  any  present  or  future  underground 
operation  or  any  deposit  of  oil,  gas,  other  mineral  substances, 
or  water  strata.   In  all  cases,  the  AO  must  have  for  the 
records  a  sketch  or  description  of  the  actual  plugging 
procedure  used. 

If  there  are  no  state  requirements,  at  a  minimum,  aquifers 
and  mineralized  zones  within  500  feet  of  the  surface  should  be 
cemented  50  feet  above  and  below  and  through  the  zone.   All 
aquifers  and  mineralized  zones  greater  than  500  feet  in  depth 
need  to  be  cemented  through  and  100  feet  above  and  below  the 
zone.   These  are  minimum  standards  and  may  be  increased  by  the 
AO  as  necessary  by  local  conditions  to  include  total  cementing 
from  the  surface  to  total  depth, ' as  in  the  case  of  mineral 
deposits  that  are  soluble  in  water.   See  Figure  V-4 

At  a  minimum,  all  drill  holes  to  be  permanently  abandoned 
require  a  3 -foot  cement  surface  plug.   In  cultivated  fields, 
the  top  of  the  surface  plug  may  be  set  2  feet  below  the  surface 
and  backfilled  with  compacted  earth.   For  future  reference,  a 
brass  or  aluminum  plug  with  identifying  hole  number  and  company 
name  or  initials  or  some  other  permanent  marker  set  in  the 
cement  is  desirable.   See  Figure  V-5 . 
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Figure  V-2 
Drill  Hole  Plugging  Requirements  When  Static  Water  is  Encountered 
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Compacted  Fill  (If  non-metallic  plug  Is  used) 
or  Cement  plug  otherwise 

■  Non-Metallic  Plug  (may  not  be  present) 
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Water 

Level 


Bentonite  Pellets 


Guidelines: 

1.  Place  plugging  material*  from  bottom  of  hole 
to  above  the  static  water  level. 

2.  Backfill  hole  with  cuttings  to  3'  bslcw  ground  level. 

3.  Install  a  non-metaJlic  plug  with  approved  company 
identification. 

4.  Backfill  and  tamp  top  3*  with  hola  cuttings  or  3.  Use  a 
minimum  3'  cement  plug  to  surface. 

5.  Spread  excess  cuttings  to  no  more  than  1"  above  original 
ground  level. 

•  Specifications  for  Plugging  Material: 

1.  Chemically  unaltered  sodium  bentonite  (coarse  ground) 

2.  Physical  sizing:  3/8"  minimum,  3/4"  maximum 

3.  Moisture  content:  not  more  than  17%  ±  2% 

4.  Inert  solids:  not  more  than  15%  (in  package) 


Hole  Sizes  and  Volumes  Table 


Hole  Diameter 
Inches 

Hole  Volume 

cu/ft/foot 

Pounds  Material 
to  Fill  One  Foot 

Feet  Riled  by 
One  50#  Bag 

Bags  to 
Fill  100  ft. 

3  1/2 
5  1/2 
10 

0.067 
0.165 

0.545 

4.3 

11.9 

39.2 

10.4 
4.2 
1.3 

9.6 
23.8 
78.4 
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Figure  V-3 
Drill  Hole  Requirements  When  Artesian  Water  Is  Encountered 

* —  Water  at  Surface 


Compacted  Fill  (If  non-metallic  plug  is  used)  or  Cament 
Plug  otherwise 

Non-Metallic  Plug  (may  not  be  present) 


Bentonite  Pellets  or  Concrete 


Aquifer 


Guidelines: 

1 .  These  holes  shall  be  plugged  immediately. 

2.  Pour  plugging  material*  at  a  slow  rate  until  the  material  level  is  3' 
below  the  ground  level. 

3:  Allow  hole  set  for  24  hours.  If  flow  is  contained  may  install  a 
non-metailic  plug  at  3'.  Backfill  and  tamp  final  3*  of  cuttings. 
Spread  remaining  cutting  to  no  more  than  1  *  above  original 
ground  level. 

4.  If  flow  cannot  be  contained,  shot  hole  will  be  re-drilled  and  plugged 
from  the  bottom  up  with  cement  to  3"  below  ground  level.  Install  a 
non-metallic  plug  at  3*.  Backfill  and  tamp  final  3'  and  spread  cuttings 
or  3.  Use  a  minimum  3'  cement  plug  to  surface. 

5.  Notify  authorizing  office  when  drilling  into  artesian  flows  and  report 
progress  of  plugging. 

•Specifications  For  Plugging  Material 

1 .  Chemically  unaltered  sodium  bentonite  (coarse  ground) 

2.  Physical  sizing:  3/8"  minimum,  3/4'  maximum 

3.  Moisture  content:  not  more  than  1 7%  ±  2% 

4.  Inert  solids:  not  more  than  15%  (in  package) 


Hole  Sizes  and  Volumes  Table 

Hole  Diameter 
Inches 

Hole  Volume 
cu/ft/foot 

Pounds  Material 
to  Fill  One  Foot 

Feet  Riled  by 
One  50#  Bag 

Bags  to 
Fill  100  ft. 

3  1/2 
5  1/2 
10 

0.067 
0.165 
0.545 

4.8 
11.9 
39.2 

10.4 
4.2 
1.3 

9.S 
23.3 
78.4 
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Figure  V-4 
Drill  Hole  Plugging  Requirements  For  Leasable  Minerals  Soluble  In  Water 
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Figure  V-5 
Drill  Hole  Surface  Plugging 
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Accordingly,  upon  completion  of  each  drill  hole,  the 
operator  will  (1)  properly  plug  and  abandon  the  hole,  or  (2) 
condition  the  hole  for  use  as  a  water  well,  or  (3)  condition 
the  hole  for  retention  as  a  monitoring  well. 

1.   Utilization  of  Drill  Holes  for  Water  Wells 

Some  drill  holes  may  be  converted  to  water  wells  subject 
to  the  acceptability  of  parameters  such  as  water  quality, 
aquifer  protection,  hole  stability,  etc.   Upon  receipt  of  a 
written'  request  from  the  surface  owner  or  the  appropriate 
surface  management  agency  other  than  BLM,  or  a  BLM-generated 
request,  the  AO  may  approve  the  conversion  of  an  exploratory 
drill  hole  for  further  use  as  a  water  well.   Approval  of  such 
conversion  will  be  accompanied  by  a  corresponding  transfer  of 
responsibility  for  any  liability  for  damage  and  eventual 
plugging.   When  BLM  is  the  party  requesting  the  conversion,  to  a 
water  well,  the  BLM  must  agree  to  accept  responsibility  for 
ultimate  reclamation  of  the  drill  hole.   Nothing  in  this 
handbook  supersedes  or  affects  the  applicability  of  any  State 
law  requirements  with  respect  to  such  transfer. 

The  BLM  will  cooperate  with  and  assist  other  Federal 
agencies  and  SMA's  or  surface  owners  that  desire  to  obtain  and 
convert  drill  holes  for  use  as  water-source  wells.   The  BLM's 
primary  responsibility  is  to  ensure  that  the  drill  hole  is 
.properly  abandoned.   Any  entity  desiring  to  obtain  such  drill 
holes  as  water-source  wells,  including  BLM,  must  take  liability 
for  any  work  on  the  drill  hole  not  directly  attributable  to 
normal  plugging  and  abandonment  and  must  assume,  by  written 
agreement,  future  liability  for  such  drill  hole. 

Conversion  of  drill  holes  to  water-source  wells  and  their 
subsequent  operation  may  be  subject  to  State  laws,  BLM 
regulation  and/or  special  permits  or  stipulations  set  forth  by 
the  appropriate  surface  management  agency.   Accordingly, 
whoever  obtains  or  operates  such  a  well  is  responsible  for 
familiarizing  themselves  with  and  abiding  by  such  laws  or 
restrictions  as  may  be  appropriate. 

Every  release  of  liability  for  conversion  of  such  drill 
holes  must  be  signed  by  either  the  surface  management  agency  or 
the  surface  owner,  as  appropriate.   Other  agencies  or 
individuals  desiring  use  of  such  wells  must  make  appropriate 
arrangements  with  the  party  accepting  liability. 
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2 .   Use  of  Drill  Holes  for  Water  Monitoring 

The  operator  may  utilize  exploration  drill  holes  or 
surveillance  wells  for  the  purpose  of  monitoring  the  effects  of 
subsequent  operations  on  the  quantity,  quality,  or  pressure  of 
ground  water  or  mine  gases  only  with  the  approval  of  the  AO  in 
consultation  with  State  Agencies  and/ or  the  surface  owner,  as 
applicable.   Approval  for  such  use  will  continue  the  liability 
for  eventual  plugging,  reclamation  and  abandonment.   Nothing  in 
this  handbook  supersedes  or  affects  the  applicability  of  any 
State  law  requirements. 

C.  DRILL  PADS 

When  drill  pad  construction  is  required,  the  pad  should  be 
of  minimum  size  required  to  accommodate  the  drill  rig  and 
associated  equipment.   Topsoil  or  other  suitable  growing  medium 
should  be  segregated  and  stockpiled  for  spreading  on  the  pad 
once  the  hole  has  been  properly  abandoned  (see  revegetation 
section) . 

Reclamation  of  the  drill  pad  involves  reshaping  to  prevent 
erosion  and  to  establish  contours  which  are  consistent  with  the 
drainage  patterns  of  the  adjacent  undisturbed  areas.   The 
visual  impacts  of  any  drill  pad  disturbance  must  also  be 
mitigated.   Excess  drilling  mud  and  drill  cuttings,  as  well  as 
any  reactive  or  toxic  materials  uncovered  during  or  created  by 
drilling,  shall  be  properly  disposed  of.   Revegetation  of  the 
drill  pad  may  be  required  to  properly  reclaim  the  site  (see 
Revegetation,  Chapter  XII) .   If  the  drill  site  is  on  an 
exploration  access,  the  site  may  be  reclaimed  concurrently  with 
reclamation  of  the  access.   See  Figure  V-6. 

D.  MUD  PITS 

Mud  pits  or  reserve  pits  are  usually  constructed  adjacent 
to  or  on  the  drill  pad.   These  pits  are  generally  constructed 
without  a  complete  assessment  of  the  subsurface  conditions, 
such  as  groundwater  hydrology,  soil  mechanics,  etc.,  of  the 
specific  location.   Such  pits  shall  be  used  only  for  disposal 
of  drilling  fluids  and  produced  waters  from  the  drilling 
operation.   Where  the  potential  for  groundwater  contamination 
exists,  these  pits  should  be  constructed  with  a  suitable  liner 
to  ensure  protection  of  the  environment. 

In  all  cases,  these  disposal  or  holding  pits  must  be 
reclaimed.   Any  hazardous  substances  in  the  pits  must  be 
removed  and  disposed  of  in  a  proper  manner  (see  Chapter  VIII  on 
waste  disposal) .   Once  the  material  in  the  pits  has 
sufficiently  dried,  the  area  should  be  reshaped,  topsoil  or 
other  suitable  growing  medium  shall  be  spread  over  the  pit  and 
the  area  revegetated. 
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VI.   OTHER  EXPLORATION-RELATED 
RECLAMATION 

A.  INTRODUCTION 

Proper  reclamation  of  lands  disturbed  by  exploration 
activities  is  designed  to  prevent  unnecessary  or  undue 
degradation,  prevent  waste  and  damage  to  the  mineral-bearing 
formations  (43  CFR  3591.1),  and  protect  the  health  and  safety 
of  the  public,  wildlife,  and  livestock.   This  will  be 
accomplished  by  adherence  to  reclamation  standards  and 
guidelines.  These  guidelines  are  intended  to  be  general  in 
nature  and  provide  the  necessary  flexibility  for  each  specific 
case,  taking  into  consideration  the  geologic  setting, 
hydrology,  topography,  types  of  mineral  present  and  other 
appropriate  factors. 

B.  SURFACE  DISTURBING  EXPLORATION  ACTIVITIES 

1.   Trenches 

To  minimize  potential  hazardous  situations,  all 
exploration  trenches  should  be  backfilled  and  reclaimed  as  soon 
as  practical.   Ideally  trenches  should  be  reclaimed  immediately 
after  the  needed  samples  or  other  information  has  been 
collected.   If  it  is  necessary  to  keep  trenches  open  for  a 
specified  period,  the  sides  of  the  trenches  should  be 
stabilized  by  reducing  the  slope  angle  to  avoid  caving.   Any 
trench  that  cannot  be  reclaimed  immediately  must  be  designed  to 
prevent  erosion  and  water  impoundment.   In  addition,  all  open 
trenches  must  be  fenced  to  reduce  the  hazard  to  the  public, 
livestock,  and  wildlife.   Additional  safety  measures  may  be 
necessary  under  OSHA  or  other  Federal  or  State  requirements. 
When  trenches  are  excavated,  topsail. or  growing  medium  should 
be  segregated  and  stockpiled.   Upon  abandonment,  trenches  will 
be  filled  and  reshaped.   The  stockpiled  growing  medium  will  be 
spread  over  the  fill  material  and  the  area  will  be  revegetated 
as  necessary. 

2 .   Exploration  Mines 

In  some  situations,  exploration  mines,  including  test  pits 
and  small  underground  operations,  may  be  approved  as  part  of  an 
exploration  operation.  .  These  test  mines  should  be  reclaimed 
and  closed  as  soon  as  practical.   If  the  exploration  mines  are 
to  be  used  in  later  operations,  interim  stabilization  and 
reclamation  for  a  specified  duration  will  be  required  in 
accordance  with  the  reclamation  plan. 
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3 .   Bladed  areas 


> 


Bladed  areas  include  all  areas  disturbed  by  mechanized 
earthmoving  equipment  for  various. purposes  during  exploration. 
Final  reclamation  of  exploration  should  be  based  on  resource 
values.   In  cut-and-fill  areas,  reshape  to  a  compatible  slope. 
^Replace  side  cast  material  into  disturbed  areas.   All  culverts 
should  be  removed  and  drainages  reclaimed  or  reestablished. 
Round  off  berms  and  establish  water  bars  or.  roughen  the  surface 
as  necessary.   Rip  roads  to  reduce  compaction  and  aid 
revegetation . 
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DRAINAGE  AND  HYDROLOGY 


A.   INTRODUCTION 

As  a  consequence  of  exploration,  surface  mining,  and  other 
mineral  activities,  disturbed  areas  may  be  subject  to  accelerated 
erosion  of  unstabilized  soils  and  other  materials.   The  potential 
for  sediment  production  is  highest  between  initial  disturbance 
and  final  physical  stabilization  of  the  site.   Erosion  losses 
from  unvegetated  disturbance  can  be  affected  by  weather 
conditions,  type  of  materials,  and  slope  factors  (angle  and 
length) .   Without  controls,  this  soil  could  be  carried  by  surface 
run-off  into  the  natural  waterways.   The  threat  of  siltation  from 
the  mine  disturbance  degrading  downstream  water  quality  is  one  of 
the  most  important  issues  confronting  mine  planners. 

The  hydrologic  portion  of  the  reclamation  plan  shall  be 
designed  in  accordance  with  all  Federal,  State,  and  local  water 
quality  standards,  especially  those  under  the  Clean  Water  Act 
National  Pollutant  Discharge  Elimination  System  (NPDES)  point 
source  and  non-point  source  programs. 

The  baseline  survey  should  be  conducted  to  identify  the 
quantity  and  quality  of  all  surface  and  subsurface  waters  which 
may  be  at  risk  from  a  proposed  mineral  operation.   All  aspects  of 
an  operation  which  may  cause  pollution  need  to  be  investigated, 
so  that  every  phase  of  the  operation  can  be  designed  to  avoid 
contamination.   It  is  better  to  avoid  pollution  rather  than 
subsequently  treat  water.   The  diversion  of  water  around 
chemically  reactive  mining  areas  or  waste  dumps  must  be 
considered  during  the  planning  stage.   Site  selection  for  waste 
dumps  should  be  conducted  to  minimize  pollution. 

Reclamation  plans  should  be  prepared  to  include  a  detailed 
discussion  of  the  proposed  surface  water  run-off  and  erosion 
controls  including  how  surface  run-off  will  be  controlled  during 
the  ongoing  operations,  during  interim  shutdowns,  and  upon  final 
closure. 

Reclamation  plans  should  also  include  a  properly  designed 
water  monitoring  program  to  ensure  operator  compliance  with  the 
approved  plan.   The  purpose  of  the  monitoring  program  is  to 
determine  the  quantities  and  qualities  of  all  waters  which  may  be 
affected  by  mineral  operations. 
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Operators  should  consider  controlling  all  surface  flows  (i.e. 
run-on  and  run-off)  with  engineered  structures,  surface 
stabilization  and  early  vegetative  cover.   Where  the  threat  to 
the  downstream  water  quality  is  high,  the  plan  should  provide  for 
total  containment,  treatment,  or  both,  if  necessary,  of  the 
surface  run-off  on  the  project  site.   Sediment  retention  devices 
or  structures  should  be  located  as  near  as  possible  to  sediment 
source. 

Common  forms  of  sediment  control  include: 

Sediment  ponds  (siltation  ponds/water  retention  ponds) . 

Sediment  barriers  include  both  temporary  and  permanent 
structures,  such  as  dams,  brush  barriers,  silt  fences, 
ditches,  water  spreaders,  bales  of  straw,  etc.   See 
Figure  VII-1. 

-  Shaping  waste  embankments  and  disturbed  areas  to  reduce 
run-off  velocities. 

B.   SEDIMENT  PONDS 


k 


Good  reclamation  practices  are  essential  to  reduce  the 
suspended  solids  content  of  surface  run-off.   Sediment  ponds  are 
r<  one  of  the  most  effective  means  to  capture  or  detain  surface 
£\run-off  from  disturbed  lands  for  the  purpose  of  removing  the 
Suspended  solids.   The  sediment  trapping  efficiency  of  a  pond 
/(i.e.  the  percentage  of  incoming  sediment  which  remains  in  the 
(  spond)  relates  to  the  residence  time  of  the  water  in  the  pond. 
\i Longer  residence  times  increase  the  .pond  efficiency.   The 
g trapping  efficiency  of  the  sediment  pond  is  dependent  upon: 

1.  The  surface  area  of  the  settling  basin. 

2.  The  rate  of  inflow. 

3.  The  horizontal  velocity  of  flow  through  the  basin. 

4.  Settling  velocity  of  the  particles. 

5.  Depth  of  the  water  in  the  settling  basin. 

6.  The  flow  pathway  between  the  pond's  inflow  and  outflow. 
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Figure  VII-1 


VII-3 


Figure  VIM 
Example  of  Typical  Sediment  Barriers 
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Due  to  the  importance  of  physically  controlling  contaminated 
surface  run-off  from  entering  natural  water-ways  the  following 
sedimentation  pond  guidance  is  recommended: 

-  Prevent  contamination  of  unpolluted  surface  flows  by 
diverting  water  flows  around  the  disturbed  areas  or  sediment 
ponds . 

In  locations  where  topographic  confinements  do  not  allow 
for  the  construction  of  ideally  shaped  ponds  and  the  pond  inlets 
and  outlets  are  too  close  together,  baffles  can  be  used  to 
prevent  short-circuiting.   Ponds  should  be  deep  enough  to  prevent 
hydraulic  scouring  and  to  provide  for  additional  storage  volume 
so  the  pond  does  not  require  frequent  clean-out.   The  pond  should 
be  designed  and  maintained  to  ensure  retention  of  the  design 
storm  event. 

-  Where  there  exists  a  high  potential  for  contaminated 
run-off  to  impact  natural  waterways  or  fisheries,  the  pond  should 
be  designed  for  total  containment  of  the  project  site  run-off 
resulting  from  the  design  storm  event. 

-  The  integrity  of  the  sedimentation  pond  must  be  ensured 
through  the  proper  design  and  construction  of  the  pond  dam, 
standpipe  system  when  used,  and  emergency  spillway.   Emergency 
spillways  should  not  be  constructed  in  fill  material.   The 
sedimentation  pond  should  be  a  non  eroding  structure  designed  to 
safely  discharge  the  volume  of  water  and  sediment  in  excess  of 
the  design  storm  event.   Emergency  spillways  should  be  protected 
with  coarse  rock  or  1/2  round  culvert  to  resist  erosion  during 
design  storm  events.   Where  standpipes  are  installed,  anti-piping 
barriers  and  rock  stilling  basins  (energy  dissipating  devices) 
should  be  constructed  at  the  discharge  of  the  pipe.   See  Figures 
VII-2,  VII-3,  and  y-II-4.  . 

-  All  sediment  control  structures  such  as  ponds,  ditches, 
dikes,  etc.  should  be  designed  under  the  direction  of  and 
certified  by  a  registered  professional  engineer.   The  design  must 
be  reviewed  by  the  AO  prior  to  construction.   Design  of  these 
structures  must  address  sediment  capacity,  the  design  storm  event 
and  other  appropriate  factors.   These  devices  should  be 
constructed  prior  to  upstream  surface  disturbing  activities. 
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Figure  Vll-2 
Example  Sedimentation  Pond,  Plan  View 
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-  Sediment  ponds  shall  not  be  constructed  within  permanent 
stream  channels . or  on  unstable  slopes  without  the  prior  consent 
or  approval  of  the  AO.   The  operator  shall  ensure  that  all  such 
structures  are  constructed  and  maintained  according  to  the 
design,  and  are  periodically  inspected  for  safety  and  structural 
stability. 

-  The  operator  shall  monitor  existing  sediment  ponds  for 
capacity  and  stability  on  a  regular  basis.   Sediment  ponds  shall 
be  maintained  until  the  lands  disturbed  under  a  project  have  been 
reclaimed  and  the  reclamation  criteria  have  been  met.   Ponds  may 
be  reclaimed  or  retained  in  accordance  with  the  reclamation  plan. 

C.   EROSION  PREVENTION  AND  CONTROL 

Sediment  control  is  an  important  feature  of  both  mine 
operations  and  reclamation  because  of  the  high  potential  for 
erosion  and  sediment  production.   Erosion  can  be  caused  by  both 
wind  and  water.   Manmade  slopes  shall  be  designed  to  prevent 
sheetflow  from  run-off.   Disturbed  areas  are  susceptible  to  wind 
erosion  when  the  particle  size  is  0.1  mm  or  less,  wind  velocity 
generally  exceeds  12  mph,  and  the  spoil  surface  is  periodically 
dry.   Higher  wind  velocities  may  erode  larger  particle  sizes. 
Mill  tailings  are  often  extremely  susceptible  to  wind  erosion. 
Soil  surveys  of  the  site  may  provide  additional  information 
■regarding  the  erodability  of  the  soil  from  wind  or  water  and  soil 
loss  tolerance. 

The  angle  and  length  of  the  slope  can  adversely  affect  the 
amount  of  erosion  caused  by  surface  run-off.   With  steeper  slope 
angles,  the  higher  the  velocity  and  the  silt  carrying  capacity  of 
the  run-off.   The  longer  the  slope  length,  the  greater  the 
potential  for  erosion  due  to  channeling.   Where  excessive  slope 
lengths  (>100  feet,  depending  on  slope  angle)  are  to  be  expected, 
consider  the  use  of  terraces,  benches,  or  other  slope  breaks  to 
minimize  erosion.   Terraces  and  benches  should  be  designed  to 
handle  the  expected  peak  flows  and  should  be  constructed  wide 
enough  to  prevent  overflowing  during  the  alternate  thawing  and 
freezing  weather  conditions.   The  benches  should  be  designed  to 
drain  properly  into  natural  drainages  and  construction  allowances 
should  be  made  for  settling  of  the  spoils.   See  Figure  VII-5. 
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Figure  VII-5 
Erosion  Prevention  Using  Terraces  and  Benches 
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Appropriate  mitigation  measures  for  wind  erosion  must  be 
taken.   To  reduce  wind  erosion,  materials  should  be  covered  with 
mulch  or  matting  and/or  coarse  waste  rock  and  then  topsoil,  if 
available.   A  plant  cover  should  be  established  if  mulch, 
matting,  or  topsoil  is  used  so  long-term  surface  coverage  is 
provided.   Barriers,  such  as  snow  fences,  oriented  perpendicular 
to  the  prevailing  wind  may  also  be  used  to  help  reduce  erosion 
until  a  good  plant  cover  is  establishes   If  a  plant  cover  cannot 
be  established,  the  area  can  be  covered  with  coarse  rock  (>  3 
inches) . 

Erosion  will  increase  with  increasing  storm  intensity  and 
duration,  slope  length,  slope  angle,  material  impermeability,  and 
scarcity  of  ground  cover.   Ideally,  natural  means  of  erosion 
control  are  preferred.   If  erosion  rates  are  relatively  slow  and 
time  permits,  revegetation  should  be  used. 

In  most  cases,  some  form  of  additional  surface  modification 
must  be  used  to  inhibit  water  flow.    Flow  can  be  impeded  and 
infiltration  increased  by  disking,  furrowing,  terracing,  and/ or 
deep  ripping  on  the  contour.   Equipment  may  not  be  able  to 
traverse  the  contour  of  a  slope  when  it  exceeds  2.5:1  (H:V)  or 
40%.   Terracing  can  also  be  used  to  break  up  the  overall  slope 
length.   Terrace  width  and  spacing  should  be  based  on  storm 
intensity  and  spoil  permeability.   In  wet  areas  or  where  the 
spoil  is  impermeable,  .terraces  need  to  be  wider  and  spaced  closer 
together.   Berms  constructed  of  windrowed  rocks  or  brush  are  a 
means  of  breaking-up  and  slowing  surface  flow.   In  particularly 
critical  areas,  lined  ditches  can  be  used  to  intercept  overland 
flow  and  channel  it  to  more  stable  locations.   Reshaping  and 
grading  can  be  used  to  reduce  the  slope  and  make  the  area  more 
accessible  for  revegetation  equipment. 

Barriers  should  be  used  to  reduce  water  velocity  and  minimize 
erosion.   Sediment  barriers  are  usually  only  effective  for  small 
volumes  of  run-off  and  sediment  and  may  be  as  simple  as 
strategically  placed  straw  bales  or  as  complex  as  carefully 
installed  geotextile  filter  cloth.   The  specific  type  of  barrier 
to  use  will  depend  on  the  suspended  particulate  size  in  the 
run-off,  and  the  quantity  and  velocity  of  water  flow. 
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Brush  barriers  have  been  proven  moderately  effective  when 
located  at  the  toe  of  waste  embankments  or  other  elevated 
disturbance.   Brush  barriers  placed  in  the  drainages  above 
sediment  ponds  will  slow  the  inflow  velocity  of  the  run-off,  thus 
reducing  sediment  input  into  the  ponds.   These  structures  may 
require  periodic  maintenance.   See  Figure  VII-1. 

Rock  filters  can  be  effectively  used  in  trapping  sediments, 
and  are  simple  to  design  and  construct.   The  rock  filter  should 
be  designed  to  handle  the  expected  peak  run-off  flows  in  the 
area.  Normally  the  rock  filters  are  constructed  using  smaller 
rocks  in  the  core  to  serve  as  the  filter  and  coarse  rock  on  the 
surface  to  protect  the  filter.   See  Figure  VII-6. 

Sediment  traps  or  drop  structures  can  be  set-up  within 
drainages  to  capture  sediment  after  the  particles  have  left  the 
disturbed  area.   (See  Figure  VII-7) .   Such  structures  can  be 
either  porous  or  nonporous.   These  should  only  be  used  for  short 
term  control;   Structures  become  ineffective  if  not  properly 
maintained,  and  maintenance  costs  can  be  very  high  for  long-term 
use.  Structures  should  be  placed  within  intermittent  drainages, 
if  possible.   A  series  of  traps  down  a  drainage  is  usually  more 
effective  than  a  single  large  pond.   Sediments  should  be  removed 
when  the  trap  is  one-half  to  two-thirds  full  and  properly 
disposed  of. 

Sediment  traps  or  settling  ponds  function  by  reducing  water 
velocity,  and  allowing  suspended  sediments  to  settle.   Generally, 
the  larger  the  settling  pond,  the  more  sediments  will  be  trapped 
and  the  finer  the  size  of  the  particles  which  will  fall  out. 
Settling  ponds  require  the  construction  of  an  embankment  or  other 
structure.   Local  geology,  groundwater  hydrology,  embankment 
design,  and  other  geohydrologic  factors  must  be  considered  in  the 
overall  design  due  to  subsurface  pore  water  pressure,  seepage  and 
piping  concerns  around,  through,  and  beneath  the  structure. 
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Figure   VII-7 
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•  Porous  structures  are  of  a  simpler  design  and  easier  to 
build.   Their  efficiency  in  trapping  sediments  is  generally  less 
than  that  of  nonporous  structures.   Loose  rock  can  be  used  and 
reinforced  by  wire  mesh,  steel  posts  or  other  materials.   Rock 
should  be  sized  to  withstand  the  anticipated  peak  flows  of  the 
area.   Rock  can  be  sized  smaller  within  the  core  of  the  dam  to 
filter  out  smaller  sediments.   Porous  structures  will  often 
promote  vegetative  growth  behind  the  dam.   If  the  vegetation  is 
protected,  the  vigorously  growing  plants  will  help  trap  more  and 
finer  sediments  and  provide  for  long-term  stability  of  the 
structure;   Spillways  should  be  an  integral  part  of  any  design, 
even  using  porous  materials. 

Nonporous  structures  utilize  spillways  or  perforated  risers 
as  water  outlets  from  the  sediment  traps.   The  stilling  effect  of 
the  pond  is  greater  than  with  porous  structures.   This  may  be  a 
significant  factor  in  using  them  where  deleterious  or  harmful 
sediments  are  involved.   Nonporous  structures  require  stronger 
anchoring  because  of  the  water  pressure  behind  the  dam.   The  dam 
should  be  removed  after  it  has  served  its  function,  unless 
designed  and  approved  as  a  permanent  structure. 

D.  SHAPING  AND  GRADING 

Shaping  and  grading  a  disturbed  site  are  fundamental 
reclamation  measures  for  the  purpose  of  creating  a  stable 
landform,  providing  for  proper  drainage  control,  reducing 
erosion,  and  preparing  for  revegetation  (see  Chapter  XI  on 
Landform  Reclamation  for  more  detail) . 

E.  REVEGETATION 

Soil  protection  or  stabilization  to  reduce  erosion  is  the 
first  objective  of  revegetation.  The  establishment  of  an  early 
vegetative  cover  is  one  of  the  most  effective  methods  for 
controlling  erosion  and  sedimentation.   Disturbed  areas  are  most 
susceptible  to'  erosion  between  initial  disturbance  and 
revegetation.   Timely  revegetation  of  mine  disturbance  is 
critical.   See  Chapter  XII  on  Revegetation  for  more  detail. 

F.  EROSION  AND  INFILTRATION  CONTROL 
Infiltration  into  wastes  can  result  from: 
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The  diversion  of  surface  water  around  a  chemically  reactive 
mined  area  is  highly  preferable  because  it  reduces  erosion  and 
generation  of  polluted  water.   See  the  Chapter  VIII,  Mine  Waste 
Management  and  Pollution  Control,  for  additional  information. 

1.   Cover  Systems 

Cover  systems  should  be  constructed  over  disturbed  areas 
that  contain  material  susceptible  to  leaching.   See  Figure  VII-8 . 

Together  with  the  drainage  system,  the  cover  system  forms  a 
major  component  of  mine  water  management  and  is  a  key  factor  in 
the  limitation  of  infiltration  and  the  support  of  vegetation. 
Minimizing  rain  and  snow  melt  infiltration  into  chemically 
reactive,  acidic,  or  toxic  mine  wastes  reduces  the  formation  and 
transport  of  pollutants  out  of  mined  areas.   Furthermore, 
measures  to  reduce  water  infiltration  can  reduce  the  oxygen 
supply  which  reduces  the  rate  at  which  acid,  and  possibly  other 
pollutants  are  produced. 

The  criteria  for  an  effective  cover  system  are: 

-  The  cover  system  should  possess  low  permeability  to 
minimize  water  infiltration  and  oxygen  availability. 

-  The  covers  should  have  a  shallow  slope  with  a  well 
drained  surface,  free  from  depressions  and  hollows 
which  could  contribute  to  the  retention  of  water. 

-  The  cover  system  should  be  of  a  suitable  thickness 
compatible  with  the  performance  objectives. 

-  The  construction  of  the  cover  system  should  be 
simple  and  should  maximize  the  use  of  locally 
available  materials  without  the  need  for  processing 
those  materials. 

-  The  covers  should  be  resistant  to  erosion  along 
slopes  before  vegetation  is  fully  established. 
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Figure  VII-8 
Cover  Systems 
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-  The  cover  system  should  support  a  vegetative  cover 
in  order  to  maximize  the  capacity  of  the  upper  soil 
zones  to  intercept  infiltration  and  provide  erosion 
resistance  once  the  vegetation  has  become 
established. 

-  The  cover  system  should  be  free  from  long-term 
maintenance  requirements. 

A  cover  system  using  these  criteria  results  in  a  three  zoned 
system,  the  construction  of  which  differs  between  the  top 
(flatter)  surface  of  mined  areas  and  external  (steeper)  slopes. 
Thicknesses  of  these  zones  will  depend  upon  site-specific 
parameters.  Additional  information  on  this  topic  is  referenced  in 
the  bibliography.   These  zones,  from  the  bottom  up,  are  described 
as  follows: 

Moisture  Barrier 


Once  the  top  surface  of  the  disturbed  area  has  been  reshaped 
to  relatively  flat  uniform  gradients  an  infiltration  resistant 
layer  is  constructed.   It  is  usually  made  from  compacted  clay 
material  or  other  impermeable  materials,  such  as  manufactured 
textiles  or  membranes.   Permeability  after  placement  should  be 
10"*  to  10"7  cm/s.   Mining  wastes  which  do  not  involve  acid  or 
toxic  materials  subject  to  leaching  may  omit  the  moisture  barrier 
zone. 


Moisture  Retention  Zone 

The  moisture  retention  zone,  directly  above  the  moisture 
barrier,  retains  moisture  to  support  vegetation  during  dry  • 
seasons  and  provides  a  moisture  source  to  assist  in  the 
prevention  of  desiccation.   This  material  is  commonly  a  sandy 
clay  loam. 
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Erosion  Resistant  Zone 

This  forms  the  upper  layer  of  the  three  zoned  cover  system. 
In  addition  to  providing  resistance  to  erosive  forces  of  rainfall 
and  runoff  this  zone  forms  the  seed  bed  for  the  vegetation  and 
acts  as  a  pore  breaking  zone  (capillary  break)  to  restrict 
moisture  loss  due  to  evaporation  during  dry  seasons.   A 
well-graded,  gravelly  sand  usually  works  satisfactorily  for  this 
layer.   Topsoil  or  other  growth  medium  should  be  placed  over  this 
layer  prior  to  revegetation. 

Steep  external  slopes  that  cannot  be  reduced  to  less  than 
approximately  3:1  (H:V)  require  a  different  type  of  erosion 
resistant  zone.   The  erosion  protection  requirements  for  these 
areas  are  considerably  higher  than  for  gentler  slopes. 
Consequently  the  material  used  commonly  consists  of  competent 
crushed  rock. 

G.   SUBSURFACE  DRAINAGE  SYSTEMS 

Subsurface  drainage  systems  can  be  constructed  to  intercept 
groundwater  at  the  interface  between  contaminated  and  non 
contaminated  zones.   Depending  upon  the  depth  of  influence,  this 
can  be  achieved  by  a  variety  of  methods  ranging  from  under  drains 
and  cutoff  trenches  to  drawdown  wells. 

In  circumstances  where  water  cannot  be  diverted  laterally, 
underdrains  can  be  installed  at  the  base  of  valley  waste  fills  to 
improve  drainage,  enhance  waste  stability,  and  minimize  retention 
time  and  the  resultant  polluted  water  generated  from  reactive 
material.   The  underdrain  fill  should  be  composed  of  competent 
rock  with  a  nominal  size  of  one  to  two  feet  or  larger,  depending 
on  site-specific  conditions.   The  underdrain  should  be 
constructed  with  an  overlying  filter  layer  to  prevent  clogging. 
These  systems  require  detailed  engineering  for  design  and 
possible  effluent  treatment.   See  Figure  VII-9. 
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Figure   VII-9 
Subsurface  Drainage  System 
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H.   WATER  DIVERSIONS 

Stream  diversions  may  be  a  necessary  part  of  the  operational 
plan.   However,  long-term  diversions  from  original  stream 
channels  should  be  discouraged  wherever  possible.   The 
justification  for  stream  diversions  as  well  as  structures  or 
ponds,  etc.,  that  might  occupy  the  original  area  of  the  stream 
channel,  should  be  closely  examined.   Check  State  and  Federal 
laws  or  regulations  controlling  stream  diversions.   A  Corps  of 
Engineers  404  permit  may  be  required.   The  following  should  be 
considered: 

Trans-basin  diversions  (where  water  is  diverted  from  one 
drainage  to  another)  are  complex  and  should  be  discouraged. 
Discuss  this  with  the  State  and  Corps  of  Engineers  for  compliance 
and  feasibility  before  approval. 

-  The  longer  a  stream  diversion  is  in  place  the  greater  the 
chance  for  failure  or  environmental  damage.  Diversions  designed 
for  shorter  duration  can  be  managed  more  successfully  than  long- 
term  diversions. 

Construction  of  a  new  stream  channel  should  provide  for 
stability  of  the  stream  bed  and  stream  banks;  this  might  include 
heavy  rip-rap  or  protective  vegetation  being  established  in  the 
channel.   See  Figure  VII-10. 

-  The  headgate,  where  the  stream  is  originally  diverted, 
should  be  of  adequate  size  and  construction  to  handle  the  flow  of 
the  design  storm  event. 

-  The  stream  gradient  of  the  new  channel  must  be  designed  to 
minimize  stream  bed  erosion  and  bedload  potential. 

-  The  reclamation  plan  should  specify  how  the  stream  channel 
will  be  reclaimed.   All  pipes  or  culverts  should  be  removed  from 
the  area  during  reclamation. 

Constructed  stream  channel  diversions  that  are  no  longer 
required,  should  be  reclaimed. 
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Figure  VII-10 
Temporary  Diversion  of  Stream  Channel 
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I.   AFFECTED  BODIES  OF  WATER 

Mining  and  related  operations  can  impact  water  quality  and 
quantity  in  onsite  and  off site  streams,  rivers,  lakes  and 
wetlands . 

1.   General  Procedures 

a.  During  review  of  the  reclamation  plan  and  actual 
reclamation,  premises  should  be  inspected  for 
potential  water  contamination  problems. 

b.  If  an  actual  or  potential  water  contamination 
problem  is  evident,  operator  should  plan  and 
initiate  containment  measures  and  Federal  and  State 
environmental  agencies  should  be  consulted. 

c.  Post-reclamation  resource  values  of  the  body  of 
water  should  be  consistent  with  the  pre-disturbance 
values  or  the  land-use  plan. 

d.  Specific  mitigation  measures  will  depend  on  the 
specific  problems  encountered. 

e.  If  reclamation  efforts  directly  affecting  a  river, 
stream  or  wetland  are  proposed,  an  Army  Corps' of 
Engineers  Section  404  permit  or  other  State  or 
Federal  permits  may  be  required. 

J.   DRAINAGE  RECONSTRUCTION 

When  drainages  have  been  altered  during  an  operation,  the 
following  guidelines  should  be  used  when  those  drainages  are  to 
be  reconstructed. 

-  Streams  and  drainages  should  generally  avoid  abrupt 
changes  in  the  slope  between  undisturbed  and  reclaimed 
channels. 

-  Activities  should  not  obstruct  the  natural  flow  of  water 
either  through  gravels  or  force  the  stream  to  flow 
underground.   Topsoil  and  mine  wastes  should  not  i'tored 
as  a  berm  in  the  stream  bank. 
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Drainage  areas,  basin  relief  ratios,  valley  gradients, 
and  drainage  densities  for  all  reclaimed  drainage  basins 
should  approximate  those  that  existed  prior  to 
disturbance. 

Reclaimed  drainages  should  have  similar  geomorphic 
characteristics,  including:   channel  depth,  top  width, 
stream  gradient,  cross-sectional  area,  bendway  radius  of 
curvature,  length  and  overall  sinuosity  to  those  found 
in  the  predisturbance  drainages.   See  Figure  711-11. 

The  reclaimed  drainages  should  have  similar  hydraulic 
characteristics,  including:   flow  depth,  water  surface 
top  width,  cross-sectional  area  of  flow,  water  surface 
slope,  mean  channel  velocity,  bendway  shear  stress,  and 
in-stream  vegetal  retardance  or  surface  roughness  to 
those  found  in  undisturbed  drainages. 

Upon  inspection,  there  should  not  be  signs  of  head 
cutting,  bank  failure,  channel  avulsion,  or  other 
indications  of  instability. 

Overall  basin  drainage  density  should  be  similar  to  pre- 
disturbance, with  the  exception  of  pre  disturbance  Order 
1  and  2  streams.   They  should  generally  be  allowed  to 
form  on  their  own. 


K.   IMPOUNDMENTS 

In  some  cases,  the  reclamation  plan  may  include  the  permanent 
construction  of  a  water  impoundment  or  authorization  to  leave  pit 
areas  which  retain  water.  This  should  only  be  approved  under  the 
following  conditions: 

-  An  impoundment  must  be  a  justifiable  post-disturbance 
land  use  and  be  in  conformance  with  the  RMP  or  other 
land  use  plan. 

-  There  should  be  enough  water  to  meet  the  requirements  of 
the  post-mining  land  use. 
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Figure  VH-11 
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-  The  water  quality  must  be  suitable  for  the  proposed  land 
use. 

-  The  construction  of  the  impoundment  will  not  adversely 
impact  ground  or  surface  water  hydrology  on  or  off  of 
the  reclaimed  area. 

-  Impoundment  and  embankment  structures  must  be  designed 
taking  into  account  local  subsurface  geologic  and 
hydrogeologic  considerations. 

If  an  impoundment  is  approved  as  a  part  of  the  reclamation 
plan,  it  must  meet  all  applicable  State  and  Federal  requirements, 
and  be  constructed  to  provide  for  the  planned  function.   Any 
exposed  pit  areas  must  be  stabilized  and  constructed  to  provide 
for  safe  access  to  the  impoundment  for  wildlife,  livestock,  or 
people.   See  Chapter  XI  for  details.   Stabilization  of  the 
shoreline  using  riprap  or  other  means  may  be  required  to  prevent 
erosion.   See  Figure  VTI-12. 

L.   MAINTENANCE 

In  general,  reclamation  practices  should  not  involve  long- 
term  maintenance  requirements.   Where  long-term  maintenance  of 
hydrologic  structures,  water  treatment  plants,  fences,  etc.  will 
be  necessary,  some  form  of  operator  funding  for -maintenance  will 
be  required.   Facilities  requiring  maintenance  may  prevent  the 
termination  of  the  period  of  liability  and  the  release  of  the 
bond . 
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Figure  VIM  2 
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VIE.         MINE  WASTE  MANAGEMENT  AND 
POLLUTION  CONTROL 

A.  INTRODUCTION 

Handling  of  the  waste  materials  generated  during  mining  has 
a  direct  and  substantial  effect  on  the  success  of  reclamation. 
Materials  which  will  comprise  the  waste  should  be  sampled  and 
characterized  for  acid  generation  potential,  reactivity,  and 
other  parameters  of  concern.   Final  waste  handling  should 
consider  the  selective  placement  of  the  overburden,  spoils,  or 
waste  materials,  and  shaping  the  waste  disposal  areas.   Creating 
special  subsurface  features  (rock  drains) ,  sealing  toxic 
materials,  and  grading  or  leveling  the  waste  dumps  are  all  waste 
handling  techniques  for  enhancing  reclamation.   Any  problems  with 
the  placement  of  waste  discovered  after  the  final  handling  will 
be  very  costly  to  rectify.   Therefore,  the  selective  placement  of 
wastes  must  be  considered  during  the  mine  plan  review  process  in 
order  to  mitigate  potential  problems.   Waste  materials  generated 
during  mining  are  either  placed  in  external  waste  dumps,  used  to 
backfill  mined  out  pits,  or  used  to  construct  roads,  pads,  dikes 
etc.   The  design  of  waste  management  practices  must  be  conducted 
in  cooperation  with  the  State,  the  EPA,  the  BLM,  other  SMAs,  and 
the  operator. 

B.  EXTERNAL  WASTE  DUMP  DESIGN  AND  CONSTRUCTION 

The  most  common  types  of  waste  dumps  include:  (l)  Head  of 
Valley  Fills,  (2)  Cross  Valley  Fills,  (3)  Side  Hill  Dumps,  and 
(4)  Flat  Land  Pile  Dumps.   See  Figure  VIII-1.   In  the  design  and 
construction  of  large  waste  dumps  it  is  important  to  consider 
appropriate  reclamation  performance  standards  for  stability, 
drainage,  and  revegetation.   Some  guidance  to  consider  during  the 
mine  plan  review  process  includes  the  following: 

-  Waste  dumps  should  not  be  located  within  stream  drainages 
or  groundwater  discharge  areas  unless  engineered  to 
provide  adequate  drainage  to  accomodate  the  expected 
maximum  flow. 
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Figure  VIII-1 
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Waste  dumps  will  be  graded  or  contoured  and  designed  for 
mass  stability.   Design  criteria  should  include  a 
geotechnical  failure  analysis.   It  is  also  recommended 
that  prior  to  the  construction  of  large  waste  dumps,  a 
foundation  analysis  and  geophysical  testing  be  conducted 
on  the  dump  site  to  ensure  basal  stability,  especially  en 
side  hill  dump  locations.   The  effects  of  local  ground 
water  conditions  and  other  geohydrologic  factors  must  be 
considered  in  the  siting  and  designing  of  the  dump. 

Cross  valley  fills  should  provide  for  stream  flow  through 
the  base  of  the  dump.   This  is  usually  done  using  a  rubble 
drain  or  french  drain.   At  a  minimum,  the  drain  capacity 
should  be  capable  of  handling  a  design  storm  flow.   To  be 
effective,  the  drain  must  extend  from  the  head  of  the 
upstream  fill  to  the  toe  of  the  downstream  face  and  should 
be  constructed  of  course  durable  rock  which  will  pass  a 
standard  slake  test.   Toxic  or  acid-producing  materials 
should  not  be  placed  in  valley  fills. 

Drainage  should  be  diverted  around  or  through  head  of 
valley  and  sidehill  dumps. 

Drains  must  be  constructed  of  durable,  nonslaking  rock  or 
gravel . 

Topsoil  or  other  suitable  growth  media  should  be  removed 
from  the  proposed  dump  site  and  stockpiled  for  future  use 
in  reclamation. 

Placement  of  coarse  durable  materials  at  the  base  and  toe 
of  the  waste  dump  lowers  the  dump  pore  pressure  and 
provides  for  additional  internal  hydrologic  stability.  An 
exception  to  this  guidance  would  be  in  the  case  where  the 
spoils  materials  exhibit  high  phytotoxic  properties  and 
the  spoils  must  be  sealed  to  prevent  water  percolation. 

The  finer  textured  waste  materials  which  are  more 
adaptable  for  use  as  a  growing  medium  should  be  placed  on 
the  outside  or  mantel  of  the  waste  dump. 
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-  After  the  waste  dump  has  been  shaped,  scarified,  or 
otherwise  treated  to  enhance  reclamation,  available 
topsoil  or  other  selected  subsoils  should  be  spread  over 
the  surfaces  of  the  dump  as  a  growing  medium.   Grading  and 
scarification  may  be  required. 

-  The  dump  should  be  designed  to  provide  for  controlled 
water  flow  which  minimizes  erosion  and  enhances  structural 
stability. 

-  Control  erosion  on  long  face  slopes  by  requiring  some  form 
of  slope-break  mitigation,  such  as  benches  to  intercept 
the  flow  of  water  or  rock/brush  terraces  to  slow  down  the 
velocity  of  the  run-off. 

-  Waste  dump  benches  should  be  bermed  or  constructed  wide 
enough  to  handle  the  peak  design  flows  and  to  prevent 

overflowing  onto  the  face  of  the  dump  in  the  event  of  freezing 
conditions.   Dump  benches  should  be  constructed  to  allow  for  mass 
settling  of  the  dump. 

Consider  appropriate  performance  guidelines  for  dynamic 
stability,  drainage,  and  revegetation .   Safety  requirements  must 
be  calculated  for  large  waste  dumps  or  waste  embankments. 

Waste  dump  slope  stability  is  expressed  as  a  Factor  of  Safety 
(P)  . 

F  ■  total  force  resisting  sliding 
total  force  inducing  sliding 

When  a  slope  is  at  the  point  of  failure  F=»l. 

1.  Waste  dumps  generally  fail  in  three  ways.   See  Figure 
VTII-2 .   The  following  minimum  factors  of  safety  are  adequate  to 
avoid  specific  types  of  slope  failure  under  most  conditions 
(after  Vandre) : 

a.  Foundation  slides  F  =  1.1 

b.  Shallow  flow  slides  F  =  1.3 

c.  Rotational  slides  F  =  1.5 


• 


• 
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Figure  Vlll-2 
Types  of  Dump  Failures 
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2 .   Factors  of  safety  are  calculated  based  on  a  number  of 
conditions  and  considerations  such  as: 


• 


a. 

b. 
c. 


d. 
e. 

f . 


Foundation  slope  and  competency 

Dump  slope  angle  and  height 

Cohesion,  density,  and  saturation  of  dumped  material 

(I;rt<i;rnal  design,  particularly  drainage  design, 

affects  saturation) 

Compaction 

End  use  of  surface  (ie.  range  vs.  highway) 

Seismic  factors 


3.  Calculating  a  factor  of  safety  can  be  a  complicated 
process  (see  references  in  this  chapter) .   Locally-accepted 
factors  of  safety  should  be  used  for  construction  within  a  given 
area.   If  the  dump  conditions  vary  from  the  standard,  or  are 
subject  to  climatic  conditions  listed  in  item  10,  a  factor  of 
safety  must  be  calculated  by  the  operator,  and  submitted  to  BLM 
for  further  action. 

4.  In  evaluating  waste  dump  design,  the  following  should  be 
considered: 

a.  Some  dumps  up  to  60'  high  may  have  single  angle  of 
repose  slopes,  depending  on  material  characteristics 
and  other  site-specific  factors,  such  as  hydrology 
and  location. 

b.  Dumps  higher  than  60'  may  have  angle  of  repose 
slopes  interrupted  by  benches  or  terraces,  if  the 
slopes  and  benches  collectively  have  an  overall 
factor  of  safety  of  1.5  or  greater  (the  forces 
resisting  sliding  should  exceed  forces  causing 
sliding  by  50%  or  greater) . 


c. 


Dumps  higher  than  60 •  may  have  slopes  steeper 
than  2.5:1  if  the  operator  can  design  those  dumps 
with  an  F  of  1.5  or  greater  to  the  satisfaction  of 
BLM  or  other  appropriate  regulatory  agencies. 
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d.  Benching  or  terracing  slows  runoff  velocity  on  dump 
slopes.   Long,  uninterrupted  dump  slopes  tend  to 
develop  erosion  features  quickly.   Contour  furrowing 
will  minimize  rilling  and  washouts  on  dump  slopes 
and  slow  runoff  velocity,  but  may  be  subject  to 
breaching. 

e.  Waste  dumps  should  be  terraced  to  facilitate 
reshaping.   The  reshaping  costs  for  terraced  waste 
dumps  are  much  less  than  for  single-lift  dumps  of  an 
equal  height.   The  greater  the  number  of  terraces  in 
the  dump  the  less  is  the  cost  of  reshaping  because 
the  dump  will  more  closely  approximate  the  final 
slope  to  be  achieved  during  reclamation. 

f .  Depending  on  material  characteristics,  benching  on 
waste  dump  slopes  should  be  constructed: 

(1)  At  least  every  60'  in  elevation  for  angle  of 
repose  slopes 

(2)  At  least  every  100'  in  elevation  for  2.5:1 
slopes 

(3)  At  least  every  150'  in  elevation  for  3:1  slopes 

(4)  At  least  every  200'  in  elevation  for  3.5:1 

slopes 

g.  Benching  should  be  generally  sloped  gently  inward 
and  designed  to  accomodate  the  drainage  of  surface 
water . 


5 .   Dumps  should  have  an  overall  factor  of  safety  of  1.5 
greater  when: 


or 


a, 
b, 
c, 


d. 
e. 

f. 


Dump  height  exceeds  60 • 
Dump  is  above  or  supports  a  road 

Dump  is  above  a  railroad  (may  require  an  even  higher 
factor  of  safety  due  to  vibrations  generated  by  long 
trains) 

Dump  is  adjacent  to  a  stream 

Dump  is  above  or  supports  a  building  or  powerline 
Wherever  the  risk  of  failure,  or  the  potential  loss 
due  to  failure,  is  unusually  high  due  to  site- 
specific  considerations. 
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6.  Setbacks  should  be  required  between  the  toe  of  the  dump 
and: 

a.  Streams  or  rivers 

b.  Buildings 

c.  Powerlines 

d.  Roads  and  railroads 

e.  Some  rights-of-way 

f .  Where  other  liability  potential  exists 

7.  Proposals  for  revegetating  slopes  steeper  than  2.5:  1 
should  be  carefully  evaluated.  '  Revegetation  on  steep  slopes 
requires  committment  by  the  operator  and  extensive  monitoring  to 
assure  success. 

8.  Operating  revegetation  equipment  on  dump  slopes  steeper 
than  3:1  may  be  dangerous  to  the  equipment  operator.   Lesser 
slopes  may  also  be  dangerous  under  specific  conditions  (e.g.  wet 
clays) .   Alternative  activities  should  be  discussed  with  the 
operator. 

9.  Dumps  should  have  adequate  internal  drainage  structures 
when  saturation  could  affect  dump  stability.   Internal  drainage 
structures  should  be  capable  of  handling  infiltration  from  the 
design  flood  event. 

10.  Dumps  should  be  designed  for  regional  factors  which  may 
include : 

a.  High  winds  (when- fines  are  present) 

b .  Snow 

c.  Flash  flooding 

d .  Earthquakes 

e.  Poor  foundation  characteristics 

11.  Dumps  with  excessive  fines  in  arid  regions  may  be 
covered  with  coarse  durable  material  to  avoid  release  of 
windblown  fines  in  the  absence  of  vegetative  cover. 

12 .  Cracking  and  downslope  movement  indicate  potential  slope 
instability.   When  these  conditions  are  apparent,  the  operator 
should  immediately  evaluate  embankment  conditions  to  determine 
type  of  movement  and  consequences  of  failure  and  report  to  the 
AO. 
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Some  References  for  Factor  of  Safety  Calculations 

Coates,  D.  F.,  and  Y.  S.  Yu,  editors,  Pit  Slope  Manual,  CANMET, 
Ottawa,  Canada,  1977. 

Hoek,  E.,  and  J.  W.  Bray,  Rock  Slope  Engineering,  revised  2nd 
edition,  Institute  of  Mining  and  Metallurgy.  .Icndon, 
England,  1977. 

Jaeger,  J.  C. ,  and  N.  G.  W.  Cook,  Fundamentals  of  Rock  Mechanics, 
2nd  edition,  Chapman  and  Hall,  1976. 

Vandre ,  B .  C . ,  Stability  of  Non-Water  Impounding  Mine  Waste 

Embankements ,  U.S.  Forest  Service,  Intermountain  Forest  and 
Range  Experiment  Station,  Ogden,  Utah,  1980. 

C.   SURFACE  AND  GROUND  WATER  MANAGEMENT 

1.   Introduction 

Appropriate-  management  of  surface  and  ground  water  during 
operations  has  a  direct  substantial  effect  on  reclamation 
success.   Water  is  used  in  most  stages  of  mining  and  mineral 
processing.   Minimizing  and  controlling  the  discharge  of 
contaminated  water  is  probably  the  most  important  mine 
reclamation  challenge  today.   The  States  or  the  Environmental 
Protection  Agency  have  ultimate  responsibility  for  assuring  that 
water  quality  standards  are  met. 

Adverse  impacts  to  water  can  be  caused  primarily  by  two 
types  of  actions: 

-  Introduction  of  substances  (or  certain  forms  of  energy 
such  as  heat)  into  natural  waters,  causing  physical 
and  or  chemical  changes. 

Interception  or  diversion  of  all  or  part  of  a  water 
resource. 


Corrects  Format  in  Chapter  8 


BLM  MANUAL 


Rel;  3-275 
2/7/92 


VIII-10 

H-3 042-1  -  SOLID  MINERAL  RECLAMATION 
Chapter  8 

The  effects  of  these  actions  are  as  follows: 

-  The  quality  of  the  water  may  be  adversely  affected, 
making  it  less  suitable,  or  unsuitable  for  human, 
animal,  or  plant  consumption,  or  industrial  use. 

-  There  may  be  ecological  damage  altering  the 
composition  of  the  natural  biological  communities 
inhabiting  the  water  or  surroundings,  and  therefore 
decreasing  biological  diversity. 

-  Water  may  no  longer  be  available  in  the  required  and 
accustomed  quantities  at  the  pre-mining  points  of  use. 

Water  percolating  through  contaminated  material  can  become 
polluted.   Therefore,  control  of  infiltration  requires  that 
potentially  toxic,  acidic,  or  reactive  waste  be  isolated  from  the 
water  supply  and  that  permeability  be  decreased.   This  is  often 
achieved  by  a  combination  of  methods  which  may  include:  the 
diversion  of  surface  and  ground  water;  capping  and  isolating 
toxic  materials;  selective  placement  of  waste  above  the  water 
table;  installation  of  underdrains;  regrading;  covering;  and 
revegetation. 

2.   Water  Control 

The  physical  control  of  water  use  and  routing  is  a  major 
task  for  mining  projects.   This  analysis  includes  the  need  to: 

-  Minimize  the  quantity  of  water  used  in  mining  and 
processing 

-  Prevent  contamination  and  degradation  of  all  water 

Intercept  water  so  that  it  does  not  come  in  contact 
with  pollutant  generating  sources 

Intercept  polluted  water  and  divert  it  to  the 
appropriate  treatment  facility. 
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Control  may  be  complicated  by  the  fact  that  many  sources  of 
water  pollution  are  nonpoint  sources  and  the  contaminated  water 
is  difficult  to  intercept. 

3.  Planning 

A  baseline  survey  should  identify  all  water  which  may  be 
at  risk  from  a  proposed  mine  as  well  as  selected  control  waters. 
All  aspects  of  a  mine  which  may  cause  pollution  need  to  be 
investigated,  so  that  every  phase  of  the  operation  can  be 
designed  to  avoid  contamination.   It  is  invariably  better  to 
avoid  pollution  rather  than  subsequently  treat  water. 

4.  Monitoring 

The  purpose  of  a  monitoring  program  is  to  determine  the 
quantity  and  quality  of  all  waters  which  will  be  affected  by 
mining  and  processing.   A  properly  designed  monitoring  program 
will  assess  the  degree  to  which  a  mine  reclamation  project 
satisfies  objectives  of  the  plan.   Specific  objectives  may 
include: 

-  Establishment  of  baseline  data  prior  to  mining 

-  Prediction  of  the  effects  of  mining 

-  On-going  assessment  of  current  conditions 

-  Water  use  possibilities 

Recently,  a  significant  amount  of  research  has  been 
focused  on  pre-mine  prediction  of  acid  or  other  contaminated 
drainage.   This  analysis  is  becoming  increasingly  important  to 
determine  whether  the  quality  of  water  draining  from  a  mine  site 
will  meet  regulatory  standards.   The  results  of  this  work  can  be 
used  to  plan  mitigation  activities  to  minimize  the  need  for  long- 
term  or  perpetual  water  treatment. 
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The  selection  of  parameters  to  be  measured  in  a 
monitoring  program  should  be  comprehensive  and  site-specific, 
particularly  in  the  case  of  baseline  studies.  Analyze 
preliminary  samples  for  all  potential  contaminants  using  a  scan 
analysis.   Some  of  the  more  important  water  quality  parameters  to 
be  measured  are  shown  in  Table  VIII-1. 

TABLE  VIII-1 

TYPICAL  COMPONENTS  OF  A 

WATER  MONITORING  PROGRAM 

Physical 

Temperature 

Turbidity 

Water  flows 
Chemical 

Conductivity  (Specific  conductance) 

Alkalinity /Acidity 

pH 

Hardness 

Color 

Dissolved  Oxygen 

Chemical  Oxygen  Demand 

Biological  Oxygen  Demand 

Nitrogen 

Phosphorous 

Metals 

Total  Solids 

Total  Dissolved  Solids 

Total  Suspended  Solids 

Other  Anions  and  Cations 
Biological 

Nektonic  Organisms 

Planktonic  Organisms 

Benthic  organisms 
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Sampling  procedures  can  be  complex  and  often  require 
specialized  equipment  and  trained  personnel,  especially  for 
biological  sampling.   The  sampling  plan  should  be  designed  to 
reflect  seasonal  variations,  flow  extremes,  and  other  regulatory 
requirements.   A  process  discharging  a  continuous  stream  of 
regular  quality  may  require  less  frequent  sampling  than  a  highly 
variabje  toff 2 ''•lent,  which  may  be  sampled  hourly  or  even 
continuously. 

Standardized  analytical  methods  should  be  selected,  and 
rigorously  followed  throughout  the  project.   In  some  cases 
analyses  can  be  performed  at  the  sampling  stations,  either  by 
fixed  automatic  or  portable  manual  equipment. 

Ground  water  investigations  should  be  conducted  for  all 
mining  projects  which  are  expected  to  involve  excavation  below 
the  water  table  or  the  impoundment  of  water. 

5.   Water  Re-Use 

If  a  closed-circuit  system  can  be  approached  or  attained, 
then  discharge  of  effluent  can  be  reduced  or  eliminated.   The 
principal  components  of  closed  recycle  systems  are  treatment 
ponds  for  mine  water  and  mill  effluent,  and  associated  pumps. 

Re-use  is  complicated  by  the  quality  of  water  required 
for  mining  and  processing.   For  example,  multi-stage  milling 
circuits  using  flotation  reagents  in  sequence,  can  suffer  from 
reagent  buildup  interfering  with  the  flotation  process. 
Treatment  of  non-reusable  waters  must  be  addressed  in  the  plan. 

A  technique  predominantly  used  in  arid  regions  is  the  use 
of  evaporation  ponds  to  reduce  waste  volumes.   This  can 
significantly  reduce  the  volume  to  be  treated  by  other  means. 
Disposal  of  residues  is  an  important  consideration  and  may 
contribute  to  hazardous  waste  problems. 
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6.   Specific  Contamination  Problems 

Since  most  States  have  adopted  water  quality  criteria, 
the  design  of  sediment  control  structures  should  be  based  on  the 
removal  of  solids  to  meet  specific  state  water  quality  standards. 
The  designs  should  he  referenced  to  a  specific  storm  event.   It 
is  recommended  that  at  a  minimum,  sediment  ponds  should  be 
designed  with  excess  capacity  to  retain  the  volume  of  water  and 
sediment  contributed  from  a  24  hour-10  year  precipitation  event, 
or  to  State  standards  where  the  state  requirements  are  more 
stringent.   The- various  standards  consider  all  or  some  of  the 
following  parameters  as  being  important  with  respect  to  surface 
and  underground  mining  activities: 

a.  Total  suspended  solids. 

b.  pH  (acidity  or  alkalinity) . 

c.  Total  dissolved  solids. 

d.  Inorganic  pollutants  (toxic  materials  and  heavy 
metals) . 

e.  Organic  pollutants  and  toxic  organic  material. 

f.  Oils,  greases,  and  solvents. 

Water  contamination  problems  are  seldom,  if  ever, 
attributable  to  any  one  specific  contaminant.  Rather,  it  is 
common  for  several  pollutants  to  be  found  in  any  single  waste 
water  stream.   The  twelve  groups  of  mining-related  contamination 
include : 


(1). 

Organic  Reagents 

(7) 

Dissolved  Solids  (Soluble 
Salts) 

(2) 

Oils 

(8) 

Anions  and  Cations 

(3) 

Cyanides 

(9) 

Suspended  Solids 

(4) 

Acids  and  Alkalis 

(10) 

Turbidity 

(5) 

Base  Metals 

(11) 

Thermal 

(6) 

Fluorides 

(12) 

Radioactivity 

The  possible  combinations  of  the  above  pollutants 
comprise  five  major  problems: 
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Acid  mine  drainage 

-  Alkaline  and  saline  mine  drainage 

-  Heavy  metal  pollution 
Eutrophication 

-  Deoxygenation 

D.   ACID  MINE  DRAINAGE 

Most  acid  mine  problems  have  the  same  origin:   oxidation  of 
sulfide  minerals.   Water  entering  mineralized  zones  by 
infiltration,  and  oxygen  entering  by  diffusion  and  convection, 
support  bacteriologically  catalyzed  chemical  oxidation  of  the 
pyritic  material.   This  can  produce  sulfuric  acid  and  dissolved 
metals  at  levels  toxic  to  aquatic  plant  and  animal  life.   Most 
metallic  ions  are  increasingly  soluble  with  decreasing  pH.   Thus, 
acid  drainage  will  engender  a  problem  with  heavy  metals.   Plans 
must  include  measures  to  prevent  or  control  pollution  of  surface 
and  ground  water,  to  prevent  damage  to  wildlife  or  their  habitat, 
and  other  natural  resources,  as  well  as  to  protect  public  health 
and  safety. 


• 


Acid  mine  drainage 
following: 


(AMD)  is  generally  related  to  the 


Any  deposit  containing  sulfide  minerals,  particularly  iron 
sulfides,  or  their  salts  is  a  potential  source  of  AMD.- 
There  is  some  evidence  that  size  affects  reactivity,  e.g. 
microscopic  pyrite  is  more  reactive  than  massive 
pyrite. Acidification  can  occur  at  virtually  all  points  of 
mining  and  beneficiation,  including  mining,  stockpiling  of 
ore  and  overburden,  run-off  from  disturbed  areas  and 
stockpiles,  percolation  through  mined  and  reclaimed  areas, 
leaching,  and  following  initial  success  at  reclamation. 
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-  AMD  formation  starts  when  sulfide  minerals  react  with 
oxygen  or  ferric  iron  and  water.  While  the  AMD  formation 
process  is  the  result  of  a  number  of  chemical  reactions, 
some  of  which  are  catalyzed  by  the  bacteria  Thiobacillus 
ferrooxidans ,   AMD  formation  can  be  represented  by  the 
following  basic  reactions: 

2FeS2(l)  +  702  +  2H20   <==>  2Fe2+  +  4H+  +  4S042" 

FeS2w  +  14Fe3+  +  8H20   <=>  15Fe2+  +  2S042-  +  16H+ 

The  oxidation  of  ferrous  iron  (Fe2+)  to  ferric  iron 
(Fe3+)  consumes  oxygen  and  may  remove  dissolved 
oxygen  from  water. 

Acidic  water  producing  sites  may  be  identified  by  the 
following: 

-  In  more  extreme  cases,  beds  of  receiving  waters  will  be 
coated  with  brightly  colored  yellow  orange-red  iron 
precipitate  known  as  "yellow-boy"  in  the  mining  industry. 
Coloration  can  grade  from  yellow-green  to  purple  or  black 
depending  on  other  metals/minerals  mobilized  by  the  acid 
water  and  the  state  of  oxidation.   In  some  cases  the  water 
itself  may  be  colored. 

-  Acid  waters  can  be  colorless,  thus  clarity  is  not 
always  an  indicator  of  low  acidity. 

-  The  presence  of  intermittent  AMD  in  arid  settings  is 
usually  most  apparent  following  a  precipitation  event 
and  may  be  indicated  by  appearance  of: 

-  mineral  salt  blooms  in  low  places  such  as  the  toe  of 
mined  dumps  and  ore  stockpiles; 
irregular  melting  of  snow  over  acid-generating 
materials;  or 

accumulation  of  whitish  gypsum  slimes  along  drainages 
emanating  from  these  sites  under  certain  ambient 
temperature  ranges . 
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Acid  producing  soils  and  spoils  may  have  no  substantial 
vegetative  cover  and  there  may  be  a  noticeable  lack  of 
insect  or  small  mammal  activity. 

AMD  impacts  the  receiving  environment  in  the  following 
manner : 

AMD  may  render  receiving  waters  unsuitable  for  consumptive 
or  industrial  use  depending  on  the  concentration,  total 
acid  load,  and  nature  of  receiving  waters,  and  their 
ability  to  dilute  and  possibly  buffer  AMD.   Below  pH  5.0, 
acid  waters  are  corrosive  to  metal  and  concrete 
structures.   Low  pH  water  mobilizes  heavy  metals 
increasing  toxicity  problems.   Surface  water  pollution  can 
be  more  easily  treated  than  ground  water  pollution. 

-  AMD  impacts  receiving  waters  by  altering,  eliminating, 
or  inhibiting  diversity  of  aquatic  organisms  through 
either  direct  chemical  effects  or  by  coating  stream 
beds  with  precipitates.   Elevated  total  acidity, 
sulfate  levels,  iron,  and  total  sulfur  create  a  heavy 
demand  for  oxygen  which  rapidly  depletes  its 
availability  to  biotic  organisms.   Sudden  changes  in  pH 
can  aggravate  the  problem  of  base  metal  toxicity. 
Freshwater  fish  can  usually  survive  in  pH  levels  of  5.0 
to  8.5,  but  waters  below  pH  4 . 0  are  toxic. 

AMD  can  be  controlled,  but  usually  not  entirely  eliminated, 
in  the  following  manner: 
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RECLAMATION 


Mine  wastes  and  ore  stockpiles  should  not  be  placed  in 
natural  drainages.   Surface  drainages  should  be  diverted 
away  from  mine  and  waste/stockpile  areas.   Waste  materials 
should  be  tested  for  the  presence  of  reactive  materials. 
Pyritic  wastes  should  be  promptly  buried  to  minimize 
oxidation.   Wastes  should  be  compacted,  sealed  with  a  low- 
permeability  cap,  blanketed  with  soil  or  soil-like 
material,  and  revegetated  to  reduce  ingress  of  air,  and 
limit  infiltration  of  water  while  enhancing  transpiration. 
The  use  of  capillary  breaks  in  the  waste  piles  will  also 
inhibit  the  migration  of  water  and  contaminated  solutions. 
A  vegetative  cover  will  yield  organic  acids  and  matter  to 
the  waste  providing  a  metal-complexing  source.   They  also 
tend  to  inhibit  bacteriological  activity  and  restrict  air 
infiltration.   Other  techniques,  including  the  addition  of 
a  layer  of  road  salt  between  pyritic  wastes  and  the 
impermeable  cap,  or  the  use  of  surfactants  and 
bactericides,  such  as  Promac,  should  be  investigated  for 
extreme  cases.   Any  leached  salt  tends  to  inhibit 
Thiobacilli   activity.   The  work  done  at  the  Rum  Jungle 
mine  in  Australia  provides  a  good  example  of  these 
techniques.  (Ryan,  Peter,  "Rum  Jungle  Mine 
Rehabilitation  -  Northern  Territory,  Journal  of  Soil 
Conservation) 

-  •  Underground  workings  may  be  allowed  to  flood  if  subsequent^ 
Z^     ground  water  movement  can  be  restricted  and  hazards  are 
i      not  created  by  doing  so.   Without  the  influx  of  additional 
/   groundwater,  the  flooded  works  will  become  a  chemically 
^   reducing  environment,  which  will  inhibit  pyrite  oxidation. 
See  Chapter  IX  on  "Closure  of  Underground  Mine  Access"  for 
,    more  details. 


Constructed  wetlands  may  provide  some  benefit  in  removing 
some  of  the  iron  in  AMD  and  potentially  add  alkalinity  to 
effluent  as  a  result  of  metal  uptake  and  acid  consumption 
by  the  plants.  The  use  of  constructed  wetlands  to  remove 
other  metals  from  AMD  is  still  in  the  research  stage.  Two 
of  the  important  questions  to  answer  involve 
bioaccumulation  of  toxic  metals  and  toxicity  of  metals  in 
the  AMD  to  the  -bacteria  involved  in  the  treatment 
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If  possible,  impound  to  contain,  re-use  after  proper 
conditioning,  or  evaporation  can  be  used  to  reduce  volume 
of  AMD.   Untreated  AMD  can  yield  compounds  upon 
evaporation  which  will  again  form  .AMD  upon  contact  with 
water.   Direct  treatment  of  AMD  usually  involves  the 
addition  of  alkaline  reagents  such  as  lime,  soda  ash 
briquettes,  or  sodium  hydroxide,  often  followed  by 
aeration.   There  are  a  variety  of  schemes  and  equipment 
that  can  be  employed  to  treat  AMD,  ranging  from  the 
passive  and  relatively  inexpensive  to  capital  and 
operation/maintenance  intensive  methods.   The  final 
product  of  these  treatment  operations  is  a  hydroxide 
and/or  sulfate  sludge  that  must  be  disposed  of.   The 
metals  in  these  sludges  have  the  potential  to  be 
redissolved  upon  pH  depression.   The  stability  of  the 
sludges  is  dependent  on  the  final  disposal  environment,  as 
well  as  the  process  and  alkaline  reagent  used  to  create 
them. 

It  may  take  several  years  before  beneficial  effects  of  AMD 
control  measures  are  reflected  in  reduced  acid  and  heavy 
metal  content  in  receiving  waters. 

The  Bureau  of  Mines  has  conducted  years  of  AMD  control 
research  and  should  be  consulted  in  developing  mitigative 
actions. 


E.   ALKALINE  AND  SALINE  MINE  DRAINAGE 

Alkaline  and  saline  soils  and  waste  materials  most  often 
occur  in  arid  to  semi-arid  regions  where  annual  precipitation  is 
less  than  15  inches  and  the  physiographic  position  allows  salt 
accumulation.   In  these  areas,  evaporation  exceeds  precipitation 
resulting  in  higher  levels  of  alkalinity  or  salinity.   These 
areas  may  be  characterized  by  the  following: 

Limited  vegetative  cover. 

Dessication  cracks  in  ground  surface. 

-   Usually  light  colored  soils  and  wastes  with  noticeable 
accumulation  of  salts. 
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Over-neutralization  of  AMD  can  create  alkaline  drainage. 
Alkaline  or  saline  mine  drainage  should  be  treated  or  prevented 
in  a  similar  manner  to  the  ways  in  which  AMD  is  treated  or 
prevented.   Soils  and  material  that  will  comprise  mine  wastes 
should  be  sampled  and  characterized  as  a  part  of  plan  development 
to  determine  the  potential  for  alkaline  or  saline  drainage. 
Prevention  of  water  infiltration  is  extremely  effective  in 
limiting  alkaline  and  saline  mine  drainages. 

In  general,  it  is  necessary  to  isolate  alkaline  or  saline 
materials  and  to  utilize  suitable  growth  media  if  revegetation  of 
alkaline  or  saline  sites  is  desired.   The  selection  of  alkaline 
or  saline  tolerant  species  is  critical  to  revegetation  success. 
The  placement  of  coarse  materials  between  alkaline  or  saline 
materials  and  the  growth  media  can  aid  in  limiting  upward 
migration  of  mineral  salts  and  the  growth  of  plant  roots  in  the 
alkaline  or  saline  materials. 

F.   HEAVY  METAL  POLLUTION 

The  heavy  or  base  metals  are  those  with  a  density  greater 
than  5.0  and  comprise  38  elements  in  total.   Not  all  are 
significant  to  mining  situations.   Some  of  the  elements  of 
concern  include  zinc  (Zn) ,  copper  (Cu) ,  lead  (Pb) ,  cadmium  (Cd) , 
and  mercury  (Hg) .   At  even  extremely  low  concentrations,  some 
metals  are  lethal  if  regularly  ingested.   Reclamation  of  the 
potentially  toxic  sites  should  include  measures  to  stabilize  the 
wastes  and  prevent  both  wind  and  water  erosion. 

Material  that  will  comprise  mine  wastes  should  be  sampled  and 
analyzed  for  heavy  metal  content  and  mobility  under  anticipated 
weathering  conditions  and  interaction  with  acid  or  alkaline 
materials.   Heavy  metal  contamination  of  soils,  spoils,  surface 
waters,  and  ground  water  is  associated  with  AMD.   An  acid  problem 
often  indicates  a  heavy  metals  problem. 

In  any  specific  mining  situation,  only  some  metals  will  be 
found  at  hazardous  levels.   Toxicity,  however,  may  be 
synergistically  enhanced,  and  should  be  evaluated  through 
analysis  during  plan  development.   One  or  more  metals  will 
usually  be  present  in  concentrations  high  enough  to  cause  concern 
if  mine  waters  are  acidic. 
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Metal  cations  can  cause  problems  in  three  basic  areas  of 
concern: 

-  Danger  to  human  and  terrestrial  wildlife  -  some  of  the 
most  significant  cations  are  arsenic,  cadmium,  mercury, 
lead,  nickel,  manganese,  and  molybdenum  and  selenium. 

-  Danger  to  aquatic  life  -  copper,  chromium,  and  all  of  the 
above . 

-  Vegetation  toxicity  -  iron,  boron,  aluminum  and  zinc. 

State  water  quality  standards  for  specific  watersheds  provide 
a  good  guide  for  limits  on  heavy  metals  at  sites  within  the  area 
covered  by  the  watershed  and  should  be  utilized  accordingly. 

G.   EUTROPHICATION 

Lake  eutrophication  is  a  natural  aging  process  due  to 
accumulation  of  phosphate  and  nitrogen,  increased  biological 
productivity,  and  sedimentation.   Mining  activity  can  greatly 
accelerate  the  eutrophication  of  downstream  bodies  of  water. 
There  is  no  universal  restoration  technique  for  eutrophy. 
Procedures  which  enhance  water  quality  in  one  lake  may  diminish 
it  in  another.   Lakes  are  highly  interactive  systems.   Altering 
one  characteristic  such  as  clarity  or  nutrient  level  will  affect 
other  aspects  of  the  system. 

-  The  following  are  often  eutrophication  indicators: 

1.  Algal  bloom  and  associated  reduction  in  water  clarity 

2.  Other  aquatic  plant  growth 

3 .  Sedimentation  rate 

4.  Excessive  fish  kill  from  oxygen  deficient  water 
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-  To  determine  the  extent  of  eutrophication  the  following 
information  is  necessary: 

1.  Total  phosphorous  sample 

2.  Total  nitrogen  analysis  (nitrate  and  nitrite,  ammonia 
total  Kjeldahl  (organic)  nitrogen) 

3 .  Sedimentation  rate  assessment 

4 .  Lake  flushing  rate 

5.  Concentration  of  chlorophyll  A 

6.  Other  site  specific  analysis,  as  needed 

-  Eutrophication  causes  may  be: 

1.  Treated  at  the  source 

2 .  Treated  between  the  source  and  the  affected  body  of 
water,  or 

3 .  Mitigated  in  the  body  of  water 

Some  treatments  of  eutrophication  source  material  at 
minesite  are: 

1.  Shaping,  contouring,  establishing  topsoil,  and 
revegetation  to  reduce  siltation 

2.  Establishing  new  wetlands  to  filter  out  undesirable 
nutrients,  contaminants,  and  sediment 

3.  Avoidance  of  over  fertilizing  for  revegetation 

Some  treatments  for  locations  between  the  mine  and  the 
affected  body  of  water  are: 

1.  Establishing  new  wetlands 

2 .  Rock  or  sand  bed  filtration 

3.  Overland  flow  through  vegetated  areas  with  similar 
filtering  as  wetlands,  such  as  meander  loops 

Use  nonchemical  means  for  lake  treatment  first,  if 
possible.   Some  treatments  for  lake  site  use  are: 

1.   Addition  of  eiluminum  sulphate  to  lake  to  effect 
phosphorous  inactivation  thereby  reducing  algae 
(Treatment  longevity  is  2  to  10+  years.   There  are 
also  some  deleterious  side  effects.) 
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2 .  Addition  of  lime  to  lake  as  a  buffer  when  pyrite  is 
present  in  sediment  derived  from  mines 

3.  Dredging  to  counteract  siltation  and  undesirable 
nutrients  and  contaminants  in  the  dredged  material 
(Effective,  expensive,  serious  negative  impacts  high, 
but  short  lived)  _.  .. 

4.  Flushing  to  dilute  undesirable  nutrients  and 
contaminants  (Very  effective  with  10  to  15%  flushing 
rate  per  day.   Seldom  feasible) 

5.  Eliminate  bottom  browsing  fish  when  browsing  releases 
significant  nutrients  (Impacts  lake  interactive 
system) 

6.  Apply  algicide,  usually  copper  sulfate.   (Very  toxic 
to  aquatic  life) 

H.   DEOXYGENATION 

Most  aquatic  organisms  need  dissolved  oxygen  to  survive. 
Oxygen  in  water  is  replaced  by  plant  photosynthesis  and  turbulent 
surface  water  effects.   If  water  is  deoxygenated  assess  the  cause 
to  determine  if  there  is  a  remedy. 

-  Deoxygenation  is  sometimes  associated  with  eutrophication. 
Algae  may  cause  some  deoxygenation. 

1.  Oxygen  supersaturation  of  surface  water  by  day  caused 
by  algae 

2.  Oxygen  depletion  of  surface  water  by  night  caused  by 
algae 

3.  Oxygen  depletion  of  deeper  waters  due  to  decomposition 
of  plant  and  algal  material 

4.  The  above  can  occur  simultaneously 

Acid-forming  materials  in  infilling  sediments  strip  oxygen 
from  water  when  reacting  with  other  ions  present. 


Corrects  Format  in  Chapter  8 

BLM  MANUAL  Rel.  3-275 

2/7/92 


VIII-24 


H-3042-1  -  SOLID  MINERAL  RECLAMATION 
Chapter  8 

Excessive  fish  kill  may  indicate  deoxygenated  conditions, 
however,  some  summer  and  winter  fish  kill  may  be  normal. 

Some  eutrophication  treatments  are  appropriate  for 
deoxygenation  (see  the  previous  section). 

1.  Algae  reduction  techniques 

2 .  Flushing 

3 .  Pyrite  buffering 

4.  Possible  elimination  of  bottom  browsing  fish 

I.   WATER  TREATMENT 

The  complexities  of  surface  and  groundwater  hydrology  are 
such  that  it  is  often  difficult  to  entirely  prevent  the  formation 
of  polluted  water.   Mine  drainage  is  most  commonly  treated  to 
remove  those  pollutants  which  present  a  threat  to  aquatic  life. 
Water  quality  must  meet  State,  local,  and  Federal  water  quality 
standards.   Point  source  discharges  will  have  to  meet  Federal  and 
State  NPDES  effluent  discharge  requirements.   In  most  cases,  the 
effluent  may  have  to  be  treated  to  drinking  water  standards  if 
the  drainage  contributes  to  a  potable  water  supply. 

Treatment  processes  which  have  been  used  to  treat  mine 
effluents  include:   biological  treatment,  neutralization, 
adsorption  on  activated  carbon,  f locculation,  ion  exchange, 
precipitation,  desalination,  reduction,  ultra-filtration, 
oxidation,  cross-flow  filtration,  reverse  osmosis,  freezing, 
solvent  extraction,  evaporation,  electrodialysis,  and 
distillation. 


J.   CYANIDE  HEAP  AND  VAT  LEACH  SYSTEMS 

Dilute  solutions  of  sodium  cyanide  (NaCN)  or  potassium 
cyanide  (KCN)  are  used  to  extract  precious  metals  from  ores. 
Concentrations  of  cyanide  solution  utilized  range  from  300  to  500 
ppm  for  heap  leach  operations  to  2000  ppm  (0.2%)  for  vat  leach 

systems . 
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Low-grade  ores  can  be  economically  leached  in  heaps  placed  on 
impermeable  pads  where  cyanide  solution  is  sprinkled  onto  the 
ore.   The  solution  preferentially  collects  the  metals  as  it 
percolates  downward  and  is  recovered  at  the  bottom  of  the  heap 
through  various  means.   Other  metals  besides  gold  and  silver  are 
mobilized  by  cyanide  solutions. 

Higher  grade  ores  may  be  crushed,  ground  and  agitated  with 
cyanide  solution  in  vats  or  tanks.   The  solids  are  then  separated 
from  the  gold  or  silver-bearing  (pregnant)  solution.   The 
precious  metals  are  recovered  from  the  pregnant  solution  and  the 
solids  are  transferred  to  a  tailings  impoundment.   The  tailings 
are  often  deposited  in  a  slurry  form  and  may  contain  several 
hundred  parts  per  million  of  cyanide. 

Part  of  the  overall  mine  reclamation  plan  includes  cyanide 
detoxification  of  residual  process  solutions,  ore  heaps,  tailings 
impoundments,  and  processing  components.   The  following  are 
general  reclamation  guidance  and  approaches  for  cyanide 
facilities.   Specific  performance  criteria  may  be  found  in 
individual  State  Cyanide  Management  Plans. 

1.   Cyanide  Solutions 

A  key  to  reclamation  of  cyanide  facilities  is  planning 
for  the  solution  neutralization  process.   The  first  step  is  to 
set  a  detoxification  performance  standard.   This  will  have  to  be 
site  specific  dependent  on  the  resources  present  and  their 
susceptibility  to  cyanide  and  metal  contamination.   A  minimum 
requirement  would  have  to  be  the  specific  state  standard.   BLM 
may  need  to.  require  more  stringent  standards  if  sensitive 
resources  are  present.   Other  considerations  include  the  health 
advisory  guideline  used  by  EPA  of  0.2  mg/1  for  cyanide  in 
drinking  water;  and  the  freshwater  chronic  standard  of  0.0052 
mg/1  for  aquatic  organisms.   Some  species  of  fish  are  especially 
sensitive  to  cyanide.   Likewise  metals,  and  other  constituent 
levels,  should  be  specified  for  detoxification  of  cyanide 
solutions. 
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It  is  worthwhile  to  mention  the  various  analytical 
procedures  for  cyanide  in  solutions.   Three  frequently  employed 
categories  are  "free",  "weak-acid-dissociable"  (WAD),  and  "total" 
cyanide.   These  are  listed  in  order  of  decreasing  toxicity  and 
increasing  stability  under  ambient  conditions.   The  preferred 
method  for  regulatory  purposes  is  to  use  WAD  cyanide.   This 
method  is  most  representative  of  potential  toxici.ti  .and  the  least 
susceptible  to  analytical  interference. 

There  are  a  variety  of  methods  for  achieving 
detoxification  of  cyanide  solutions.   These  range  from  simple 
natural  degradation,  to  active  chemical  or  physical  treatment  of 
process  waters.   A  thorough  understanding  of  the  metallurgical 
process  generating  the  waste,  and  of  the  chemistry  of  the  waste 
stream  is  necessary  to  select  the  most  effective  cyanide 
destruction  technique.   Laboratory  studies  and  preferably  pilot 
studies  should  be  performed  when  evaluating  the  best  method  to 
treat  cyanide  wastes.   The  following  is  a  brief  description  of 
cyanide  treatment  procedures  and  their  advantages  and 
disadvantages  (condensed  from  McGill  and  Comba,  1990) .   More 
detailed  technical  articles  should  be  consulted  for  additional 
information  on  any  of  these  processes: 

a.   Natural  Degradation  and  Fresh  Water  Rinse 

If  enough  time  is  available,  natural  degradation  has 
alot  of  advantages  for  detoxification  of  cyanide  facilities.   The 
natural  processes  which  reduce  cyanide  concentrations  over  time 
include;  dilution  via  precipitation,  UV  radiation,  oxidation, 
hydrolysis,  biodegradation  and  volatilization. 

Volatilization  often  dominates  removal  of  the 
degraded  cyanide  compounds  from  the  system.   As  the  pH  of  the 
solution  drops  the  cyanide  anion  (CN")  is  converted  to  HCN.   At  a 
pH  of  7  or  less  essentially  all  of  the  cyanide  will  be  in  the  HCN 
form  and  can  come  out  of  solution  as  a  gas.   Volatilization  is 
temperature  dependent  and  will  be  very  minimal  during  cold  winter 
months . 
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Natural  degradation  processes  can  be  enhanced  by 
introduction  of  fresh  water  rinsing  which  lowers  pH  and  dilutes 
cyanide  concentrations.   However,  the  disadvantage  of  fresh  water 
rinsing  is  that  large  amounts  of  partially  contaminated  solution 
may  be  generated  that  could  eventually  require  chemical 
treatment . 

b.   Alkaline  Chlorination 

Alkaline  chlorination  is  the  most  widely  recognized 
destruction  technique  used  in  the  mining  industry  in  terms  of 
engineering  expertise  and  operating  experience.   The  oxidation 
reaction  will  destroy  free  cyanide  and  cyanide  complexed  with 
metals  such  as  Au,  Ag,  Ni,  Zn,  Cu,  Cr,  and  Cd,  but  the 
ferrocyanide  and  ferricyanide  compounds  are  not  oxidized  (Ritcey, 
1989) .   The  oxidizing  agent  is  hypochlorite,  OCL".   The  source  of 
hypochlorite  may  be  calcium  or  sodium  hypochlorite,  chlorine  gas 
or  chlorine  dioxide.   The  reaction  of  cyanide  to  cyanate  requires 
a  pH  >  10.5,  and  about  3  parts  chlorine  per  part  cyanide.   In 
practice  chlorine  consumption  is  highly  dependent  on 
concentrations  of  other  oxidizable  compounds  such  as  thiocyanate 
(CNS")  which  are  oxidized  in  preference  to  cyanide  (Scott,  1984)  . 
Chlorine  consumption  rates  as  high  as  12  parts  chlorine  per  part 
cyanide  can  occur. 

Effluent  concentrations  of  <0.2  mg/1  cyanide  (WAD) 
can  be  produced  with  chlorination.   Metals  which  were  complexed 
with  the  cyanides  will  precipitate  as  hydroxides  at  the  elevated 
pH  used  in  the  process. 

Residual  chlorine  compounds  present  can  be  toxic  to 
aquatic  life  and  to  vegetation  in  land  application  areas. 
Dechlorination  of  discharge  waters  may  be  necessary. 

Advantages  of  Alkaline  Chlorination 

(1)   Widely  used  method;  operating  expertise 

available  with  process  equipment  and  control 
reliable. 


(2)   Reaction  reasonably  rapid, 
emergency  use. 


Suitable  for 
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(3)  Free  and  WAD  cyanide  complexes  removed  to  <0.2 
mg/1. 

(4)  Thiocyanate  can  be  oxidized,  but  greatly 
increases  reagent  consumption  and  cost. 

(5)  Most  metals  complexed  with  cyanide  are 
precipitated  as  hydroxides. 

(6)  Chlorine  is  readily  available  in  several  forms, 

(7)  System  adaptable  to  either  continuous  of  batch 
operation. 

(8)  Process  can  be  used  for  slurries  and  for  clear 
solutions. 

Disadvantages  of  Alkaline  Chlorination 

(1)  Reagent  costs  can  be  high,  particularly  if 
complete  oxidation  is  required.   Thiocyanate, 
thio-salts  and  ammonia  are  heavy  consumers  of 
chlorine. 

(2)  Control  of  pH  necessary  to  prevent  release  of 
cyanogen  chloride  gas,  a  very  toxic  substance. 

(3)  Complexed  iron  cyanides  are  not  removed. 

(4)  Residual  chlorine  compounds  can  be  toxic  to 
aquatic  species.   Dechlorination  may  be 
necessary. 
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c.   S02/Air  Process 

The  S02  method  is  another  chemical  oxidation  process 
that  converts  free  and  complexed  cyanides  to  cyanate  with  the 
exception  of  ferrocyanide.   Metals  dissociated  during  oxidation 
precipitate  as  hydroxides .   Two  S02  processes  have  been  patented, 
one  by  INCO  Ltd.  and  the  other  by  Noranda  Inc.   The  INCO  process 
sparges  the  cyanide  solution  with  S02  in  an  air  stream  whereas 
the  Noranda  process  does  not  dilute  the  S02  with  air  but  adds  it 
directly  to  the  cyanide  solution.   In  the  INCO  process,  2  to  5% 
S02  in  air  is  sparged  into  the  solution  containing  at  least  50 
mg/1  Cu2+,  which  can  either  be  from  the  Cu  leached  from  the  ore, 
or  added  as  copper  sulfate. 

The  process  is  highly  pH  dependent.   Best  results  are 
obtained  at  pH  8-10,  preferably  9.0.   Very  slow  reaction  rates 
occur  at  pH  5-6,  and  conversion  to  cyanate  is  limited  at  pH  11 
(Ritcey,  1989) .   Since  acid  is  produced  by  the  process  lime  must 
be  added  to  maintain  proper  pH.   The  reaction  is  also  temperature 
dependent.   At  25 °C  the  reaction  is  rapid,  leaving  a  residual 
cyanide  of  0.2  mg/1.   Residence  times  very  from  5  to  60  minutes. 

Reagent  consumptions  are  typically  5  to  6  parts 
liquid  S02  and  0.11  parts  Cu  per  part  total  cyanide  (Devuyst, 
1989)  . 

Sulfides  and  thiocyanates  are  only  oxidized  to  a 
limited  extent  (Piret,  1989) ,  thereby  reducing  reagent 
consumption.   If  necessary  thiocyanate  can  be  oxidized,  but  only 
after  the  cyanide  has  been  oxidized.   Any  ferricyanide  present  is 
reduced  to  ferrocyanide  which  will  precipitate  out  of  solution. 

Advantages  of  Sulfur  Dioxide /Air  Process 

(1)  Effective  in  treatment  of  pulps  as  well  as 
clarified  barren  and  decant  solutions. 

(2)  Suitable  for  batch  or  continuous  treatment. 

(3)  All  forms  of  cyanide  are  removed  including 
stable  iron  complexed  cyanides. 
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(4)   Heavy  metals  are  removed  through  precipitation. 
Disadvantages  of  Sulfur  Dioxide/Air  Process 

(1)  With  some  waste  streams  the  reagent  costs  (S02/ 
lime,  copper  sulfate)  can  be  excessive. 

(2)  Large  quantities  of  sludge  are  produced  which 
may  be  considered  hazardous. 

(3)  Additional  treatment  may  be  necessary  for 
removal  of  total  cyanide,  thiocyanate,  cyanate, 
metals,  and  ammonia  if  stringent  effluent 
requirements  must  be  met. 

(4)  The  process  creates  high  amounts  of  dissolved 
solids  which  may  have  undesirable  environmental 
effects. 

(5)  Strict  control  of  process  pH  is  required. 

d.   Hydrogen  Peroxide 

Two  processes  have  been  designed  and  patented  for 
cyanide  destruction  with  hydrogen  peroxide,  the  Kastone  process 
and  the  Degussa  process.   The  Kastone  process  uses  a  solution 
containing  41%  H202.   The  peroxide  solution  containing  5  to  10 
mg/1  formaldehyde  and  5  mg/1  Cu2+  is  added  to  the  cyanide 
solution.   If  the  H202  excess  is  75  to  100  mg/1,  the  treatment 
time  required  is  less  than  2  hours  to  reach  effluent  cyanide 
levels  of  <0.2  mg/1. 
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The  Degussa  process  uses  copper  in  the  form  of  copper 
sulfate,  but  without  formaldehyde.   The  optimal  pH  for  the 
process  is  9.0  to  10.5,  although  the  process  will  operate  over  a 
wide  range  of  pH  values.   This  pH  range  provides  optimal  removal 
of  copper  and  iron  complexed  cyanide.   Copper  consumption  is 
usually  about  one  tenth  the  concentration  of  WAD  cyanide.   An 
excess  of  hydrogen  peroxide  of  about  200  to  600  percent  greater 
than  theoretical  is  generally  used  in  full  scale  operation. 
Reaction  times  vary  from  5  minutes  to  2  hours.   Total  cyanide 
levels  of  1  mg/1  can  be  achieved.   WAD  cyanide  levels  of  less 
than  0.5  mg/1  are  obtained,  and  can  be  lowered  to  0.1  mg/1  with 
increased  H202  consumption.   Solutions  with  high  nickel  content 
decompose  the  peroxide  causing  increased  consumption  to  oxidize 
the  cyanide. 

Advantages  of  Hydrogen  Peroxide  Process 

(1)  Process  relatively  simple  in  design  and 
operation. 

(2)  All  forms  of  cyanide  in  solution  including  iron 
and  complexed  forms,  can  be  lowered  to 
environmentally  acceptable  levels. 

(3)  Heavy  metals  are  significantly  reduced  through 
precipitation. 

(4)  The  process  is  adaptable  for  batch  and 
continuous  treatment  operations. 

(5)  The  process  has  been  used  in  treatment  of  pulps 
and  clarified  process  solutions. 

(6)  Close  pH  control  is  not  required  provided  an 
alkaline  pH  is  maintained. 

(7)  The  process  does  not  produce  high  quantities  of 
waste  sludge. 
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(8)   No  toxic  intermediates  are  formed  or  undesired 
residual  chemicals  left  in  solution  as  a  result 
of  treatment. 

Disadvantages  of  Hydrogen  Peroxide  Process 

(1)  Reagent  costs  and  consumption  for  copper  sulfate 
and  hydrogen  peroxide  can  be  high. 

(2)  High  reagent  dosages  required  to  remove  ammonia 
and  thiocyanate. 

(3)  Additional  treatment  may  be  required  if  residual 
effluent  concentrations  of  ammonia,  thiocyanate 
and  metals  exceed  acceptable  environmental 
levels. 

(4)  High  Ni2+  in  solution  may  decompose  the 
peroxide. 

e.   Ferrous  Sulfate  Complexing 

The  addition  of  excess  ferrous  sulfate  to  solutions 
of  free  cyanide  and  the  complexed  cyanides  of  zinc  and  copper  at 
pH  7.5  to  10.5,  converts  most  of  the  cyanide  to  ferrocyanide 
(Huiatt,  1982) .   This  is  one  of  the  oldest  cyanide  disposal 
methods . 

The  stable  ferrocyanide  salts  formed  settle  to  the 
bottom  of  the  impoundment.   Although  iron-cyanide  complexes  are 
considered  stable  and  non-toxic,  they  do  decompose  upon  exposure 
to  direct  sunlight,  releasing  HCN.   Photo-decomposition  is  slow 
in  deep,  turbid,  and  shaded  receiving  waters.   Any  release  of  HCN 
in  these  environments  would  be  offset  by  loss  of  HCN  to  the 
atmosphere,  or  through  other  chemical  and  biological  reactions. 

Since  long  term  stability  of  the  iron  cyanide 
precipitates  is  not  determined  this  method  may  best  be  suited  as 
a  pre-treatment  step  for  cyanide  in  a  tailings  slurry  prior  to 
discharge  to  an  impoundment  (Mudder,  1989) . 
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Advantages  of  Ferrous  Sulfate  Complexing 

(1)  Reagent  costs  are  low. 

(2)  Necessary  equipment  can  be  readily  installed 
into  existing  mills  with  minimal  capital 
investment . 

(3)  Ferrous  sulfate  is  a  safer  reagent  to  store  on 
site  than  an  oxidizer. 

(4)  The  process  can  be  used  in  treatment  of  slurries 
and  clear  solutions. 

(5)  For  some  waste  streams  the  process  provides  a 
quick,  easy  method  for  decreasing  free  cyanide 
prior  to  impoundment. 

Disadvantages  of  Ferrous  Sulfate  Complexing 

(1)  The  stability  and  fate  of  iron  cyanide  is  not 
yet  fully  understood. 

(2)  Some  of  the  metals  in  solution  do  not 
precipitate  as  ferri-  or  ferrocyanides. 

(3)  Intimate  mixing  of  the  ferrous  sulfate  into  the 
waste  stream  is  required. 

(4)  Method  has  not  been  well  documented  and  is  not 
fully  understood.   More  lab  studies  needed. 

f .   Other  Processes 

Some  of  the  other  treatment  processes  in  use  include 
acidif ication-volitilization-recovery  (AVR) ,  reverse  osmosis 
(RO) ,  and  biological  treatments. 


Corrects  Format  in  Chapter  8 

BLM  MANUAL  Rel.  3-275 

2/7/92 


VIII-34 

H-3 042-1  -  SOLID  MINERAL  RECLAMATION 
Chapter  8 

The  AVR  process  involves  acidifying  the  cyanide 
solution  with  sulfuric  acid.   This  converts  the  cyanide  in 
solution  to  HCN  gas  which  volatilizes  out  of  solution  and  is 
recaptured  for  reuse.   Lime  is  then  added  to  raise  the  pH  to  9.5 
for  metals  removal.   Total  cyanide  concentration  of  impoundment 
waters  can  be  lowered  to  <5.0  mg/1.   Additional  treatment  may  be 
required  for  more  stringent  effluent  standards.   The  big 
advantage  of  AVR  is  that  cyanide  is  recovered  for  reuse. 
Disadvantages  of  AVR  include  the  high  capital  cost  for  plant 
construction,  high  energy  requirements  for  aeration,  and  the 
stringent  safety  precautions  that  are  required  when  working  with 
HCN  vapor. 

The  reverse  osmosis  process  passes  solution  through  a 
semi-permeable  membrane  to  produce  a  fresh  water  product 
(permeate)  and  a  concentrate.   Mobile  RO  units  can  be  onsite  in  a 
matter  of  days  for  emergency  use.   Advantages  include  removal  of 
most  metals  and  metal-cyanide  complexes,  recovery  of  reagents  and 
gold-silver  values,  and  permeate  low  in  metals  that  may  be 
suitable  for  direct  discharge.   The  main  disadvantages  are  the 
need  for  secondary  treatment  of  the  permeate  due  to  incomplete 
removal  of  free  cyanide,  and  the  creation  of  a  concentrate. 

Suitable  microbes  have  been  found  to  metabolize 
cyanide  under  aerobic  conditions  and  employed  in  treatment 
systems.   All  forms  of  cyanide  are  treatable  including  the  stable 
iron  complexed  cyanides.   Cyanide  biodegradation  is  currently  in 
use  to  treat  wastewater  at  Homestake  Mining  Company  (Mudder, 
1989)  . 

g.   Disposal  of  Treated  Solutions 

During  mine  life  concurrent  reclamation  of  process 
facilities  should  be  undertaken  to  minimize  the  solution  present 
at  mine  closure.   For  example  a  heap  leaching  operation  may  have 
several  pads,  or  one  pad  segmented  into  units.   Make-up  water  for 
new  ore  can  be  introduced  into  the  process  circuit  as  fresh  water 
rinse  for  spent  ore  heaps  or  tailings  and  then  directed  into  the 
new  process  unit.   In  this  fashion  sequential  detoxification  of 
older  heaps,  concurrent  with  operation  of  the  mine,  can  be 
achieved.   This  will  prevent  accumulation  of  a  large  solution 
inventory  of  partially  contaminated  rinsate  that  would  require 
treatment  at  the  end  of  mine  life. 
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Final  mine  closure  will  require  treatment  and 
disposal  of  process  solutions.   Treatment  options  are  discussed 
above.   Disposal  of  the  final  treated  solution  may  be 
accomplished  by  direct  discharge,  evaporation,  physical  removal 
to  a  disposal  facility,  (or  another  mine)  or  by  spray  irrigation 
in  a  land  application  area. 

Direct  discharge  is  desireable,  but  difficult  to 
acheive.   Treated  water  typically  contains  enough  residual 
contaminants  that  it  will  not  meet  direct  discharge  requirements 
of  most  states,  or  would  require  additional  permits  (e.g.  NPDES 
permit) . 

Evaporation  is  useful  in  reducing  solution  volumes 
but  can  also  result  in  increased  contaminant  concentrations . 
High  increases  in  salinity  occur  as  evaporation  proceeds. 
Retreatment  may  be  necessary. 

Land  application  disposal  (LAD)  has  been  proven 
effective  at  several  mine  sites.   The  LAD  system  is  used  to 
dispose  of  solutions  that  have  been  treated  to  remove  cyanide. 
The  soil  profile  is  used  as  a  medium  for  attenuating  any  residual 
metals  in  the  applied  solutions.   Development  of  a  LAD  system 
requires  evaluation  during  mine  permitting  to  characterize  the 
soils '  metal  attenuation  capacity  and  determine  the  disposal 
capacity  of  the  spray  area.   LAD  systems  are  also  useful  for 
control  of  water  balance  during  operations  in  net  precipitation 
regions . 
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2.   Spent  Ore  Heaps  and  Tailings 

a.   Material  Characterization 

In  order  to  develop  a  detoxification  plan  during  mine 
permitting  a  testing  program  should  be  undertaken  in  cooperation 
with  the  mine  operator.   This  can  include  column  tests  or  small 
scale  test  heaps.   Often  the  same  material  that  is  used  for 
metallurgical  testing  can  afterward  be  used  for  reclamation 
testing.   However,  the  relationship  between  rinse  solutions  from 
a  10  to  20  foot  column  test  to  a  heap  over  200  feet  thick  is 
severely  strained. 

It  is  important  to  know  how  the  ore  material  was 
processed  and  placed  on  the  heap.   Run  of  mine  ore  will  rinse 
quite  differently  than  crushed  and  agglomerated  ore.   Two  other 
important  items  to  consider  for  ore  heaps  is  the  materials 
specific  moisture  retention,  and  the  potential  for  development  of 
blind-off s.   Specific  retention  is  the  amount  of  water  or 
solution  retained  in  the  heap  after  drain  down.   It  may  range 
from  as  low  as  4%,  by  weight,  in  coarse  ores  to  over  15%  in  fine 
or  clayey  ore.   Blind-offs  are  zones  inaccessible  to  solution 
movement  and  where  cyanide  degradation  is  limited.   Blind-offs 
develop  as  preferential  flow  paths  are  established  during 
leaching  by  migration  of  fines.   In  general,  the  finer  the  ore 
and  the  higher  the  clay  content  the  greater  potential  for 
development  of  blind-offs. 

Another  consideration  is  whether  the  material  has  a 
net  acid  generating  capacity.   If  this  is  the  case  then  the 
measures  to  prevent  development  of  acid  mine  drainage  need  to  be 
incorporated  into  the  reclamation  plan. 
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b.   Detoxification  Evaluation 

To  determine  the  amount  of  rinsing  required  the  pore 
volume  of  the  heap  material  must  be  known  and  an  estimate  made  as 
to  the  concentration  of  cyanide  in  the  retained  solution. 
However,  this  will  only  provide  an  estimate.   Depending  on  ore 
character  and  treatment  methods  rinsing  requirements  may  vary 
from  less  than  one-half  to  greater  than  5  pore  volumes.   Actual 
experience  at  the  mine  site  (or  a  mine  site  with  similar  ore) 
will  be  the  best  source  of  information  for  establishing  the 
detoxification  process. 

The  amount  of  neutralizing  solution  to  be  applied  to 
the  ore  heap  per  unit  area  has  to  be  calculated  based  on  the 
estimated  rinsate  required  per  ton  of  ore  and  the  surface  area  to 
tonnage  ratio.   During  the  detoxification  process  cyanide  will 
diffuse  from  high  concentration  areas  (blind-offs  or  low 
permeability  zones)  to  low  concentration  areas  (preferential  flow 
paths)  until  an  equilibrium  is  reached.   For  ores  with  a  high 
amount  of  retained  solution  or  with  blind-off  development  this 
process  will  dominate  cyanide  movement.   To  conserve  water  and 
reagent  use  the  rinsing  period  should  be  followed  by  a  rest 
period  to  allow  for  diffusion  of  retained  cyanide  into  the  more 
accessible  flow  paths.   This  is  a  more  efficient  means  of 
accomplishing  heap  detoxification  than  by  continuous  rinsing. 

Cyanidated  tailings  from  vat  or  tank  leaching 
operations  can  be  extremely  difficult  to  detoxify.   This  is  due 
to  the  very  fine  nature  of  the  tailings  and  the  higher  cyanide 
concentrations  used  in  processing.   Treatment  of  tailings  during 
placement  in  the  impoundment  is  necessary  to  achieve  most 
reclamation  criteria  and  to  prevent  a  hazard  to  wildlife  and  area 
waters  during  operation. 

Cyanide  tailings  impoundments  need  to  be  dewatered 
during  reclamation.   This  serves  several  purposes  by  removing  any 
potentially  toxic  effluent,  improving  overall  mass  stability,  and 
providing  a  competent  surface  for  use  of  reclamation  earthmoving 
equipment.   Internal  drains  and  sumps  should  be  placed  in  the 
tailings  impoundment  during  construction  to  provide  for 
dewatering. 
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No  matter  how  well  treated  some  cyanide  will  be 
retained  in  tailings  and  most  heaps  after  rinsing.   The  amount, 
ultimate  fate,  and  pathway  of  retained  cyanide  should  be 
considered  during  reclamation  planning.   The  degree  to  which  this 
is  of  concern  depends  upon  site  specific  conditions. 

If  detoxification  of  tailings  or  heaps  cannot  be 
achieved  to  necessary  levels  through  treatment  and  rinsing,  then 
capping  of  the  facility  with  a  low  permeability  material  may  be 
required.   This  is  necessary  to  prevent  infiltration  of 
precipitation  and  subsequent  generation  of  undesirable  leachate. 

In  evaluating  detoxification  success  both  effluent 
and  solid  sampling  may  be  employed.   Solids  sampling  can  be 
useful  in  checking  for  retained  cyanide  solutions.   However, 
there  is  no  approved  method  for  collecting  samples  of  solids  for 
cyanide  analysis.   Significant  degradation  of  cyanide  may  occur 
during ' solid  sample  collection  so  the  results  should  be 
considered  as  the  minimum  in-place  levels.   Effluent  sampling  at 
the  discharge  point (s)  are  more  representative  of  potential 
environmental  concerns.   An  extended  period  of  time  should  be 
allowed  between  cessation  of  neutralization  and  evaluation  of 
effluent  for  establishing  detoxification  success.   A  six  month  or 
longer  evaluation  period,  over  a  spring  runoff  or  substantial 
precipitation  event,  may  be  necessary  to  demonstrate  there  will 
be  no  spiked  releases  and  that  the  detoxification  criteria  has 
been  reached.   Once  this  has  been  established  surface  reclamation 
can  begin. 

Once  detoxification  criteria  has  been  met  the 
containment  dike  should  be  breached,  and/or  the  liner  material 
should  be  punctured  and  the  drain  holes  filled  with  sized  rock. 
This  provides  post-reclamation  passage  of  infiltrating  waters 
thus  preventing  a  build-up  of  precipitation  within  the  facility 
which  could  generate  leachate  and/ or  affect  stability  due  to 
saturation. 
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c.  Shaping  and  Revegetation 

After  detoxification  is  complete,  shaping  is 
necessary  prior  to  placement  of  topsoil,  or  growth  medium,  and 
revegetation.   Overly  steep  slopes  will  be  susceptible  to  erosion 
and  exposure  of  the  underlying  cvanidated  material.   This  could 
cause  direct  precipitation  recnarge  and  generate  undesirable 
leachate  from  retained  cyanide  or  metals  that  were  not  removed 
during  treatment. 

Reclaimed  ore  heaps  should  be  reduced  in  slope  to  at 
least  2h:lv.   At  this  grade  slope  length  should  not  exceed  200 
feet  and  benching  or  terracing  may  be  necessary.   Tailings, 
.  generally  being  finer  material,  are  more  likely  to  undergo  water 
and  wind  erosion.   Slopes  flatter  than  3h:lv  are  usually  required 
for  reasonable  erosion  resistance  and  revegetation  of  tailings 
(Vick,  1983) .   The  detoxified  material  may  be  pushed  off  the 
liner  to  achieve  necessary  slope  reduction.   Reshaping  of  cyanide 
facilities  should  include  a  collection  point  to  allow 
representative  sampling  of  discharge  waters  for  post-reclamation 
monitoring. 

Revegetation  is  important  on  heaps  or  tailings  to 
provide  for  interception  of  precipitation  that  could  generate 
leachate.   Salvaged  topsoil,  or  other  available  growth  medium, 
should  be  applied  as  soon  as  possible  to  the  reclaimed  facility. 
Topsoil  requirements  and  revegetation  species  selection  and 
procedures  should  be  addressed  in  the  operation's  reclamation 
plan  (see  Chapter  XII  for  topsoil  and  revegetation  guidance) . 

d.  Surface  Water  Diversions 

Post-reclamation  drainage  for  surface  water  run-off 
from  reclaimed  cyanide  facilities  should  be  designed  to  pass 
precipitation  collected  by  the  100-year,  24-hour  storm  event  or 
spring  snowmelt.   Reshaping  should  normally  be  completed  so  as 
not  to  collect  or  pond  precipitation  in  the  facility. 
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Post-reclamation  diversion  ditches  or  drains  are 
constructed  up  gradient  to  prevent  surface  run-on  from  entering 
cyanide  facilities.   The  structures  should  be  designed  to  divert 
at  least  the  anticipated  run-on  from  the  100-year,  24-hour  storm 
event  or  spring  snowmelt.   For  facilities  located  in  extremely 
sensitive  areas  it  may  be  necessary  to  size  diversion  structures 
capable  of  handling  the  maximum  probable  flocJ  event. 

3 .   Process  Ponds 

a.  Solution  removal 

Cyanide  solutions  are  removed  from  the  process  ponds, 
treated,  and  disposed  of  as  part  of  overall  mine  reclamation  as 
discussed  in  item  Jl. 

b.  Sludges 

Sludge  which  accumulates  in  process  ponds  should  be 
tested  to  make  certain  it  does  not  constitute  a  hazardous  waste. 
Hazardous  sludges  need  to  be  disposed  of  offsite  at  an  approved 
disposal  facility.   Non  hazardous  sludges  can  still  have  adverse 
environmental  effects.   Mixing  with  cement  and  onsite  burial  are 
appropriate  disposal  means. 

c.  Liner  Disposal 

Liners  can  either  be  removed  and  disposed  of  offsite, 
in  an  approved  landfill,  or  folded,  ripped  and  buried  onsite  in  a 
manner  that  does  not  effect  groundwater  movement  or  revegetation. 

d.  Reshaping  and  Revegetation 

Pond  areas  are  backfilled  and  reshaped  in  a  manner  so 
as  not  to  collect  and  pond  precipitation  unless  a  secondary  use 
has  been  approved. 
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4.  Facilities  Removal 

All  tanks,  plants,  pipelines,  and  other  processing 
equipment  that  have  contained  or  contacted  cyanide  solutions  are 
triple  rinsed  with  neutralizing  solution.   Rinsate  may  be 
disposed  of  in  conjunction  with  mineral  processing  solutions. 
These  facilities  are  to  be  disposed  of  in  an  approved  landfill  or 
may  be  buried  onsite  if  a  suitable  area  identified  during  review 
of  the  mine  plan. 

5.  Final  Closure 


Monitoring  of  post-reclamation  leachate  from  cyanide 
facilities  should  continue  for  at  least  5  years  before  final  do 
release.  Longer  term  monitoring  may  be  necessary  for  some  site 
to  verify  closure  success. 


bond 

s 


While  it  may  be  acceptable  to  establish  a  trust  fund  for 
remedial  action  as  a  post-reclamation  contingency;  operations 
which  propose  perpetual  treatment  of  effluent  from  a  cyanide 
facility  do  not  meet  the  definition  of  reclamation,  and  should  be 
rejected. 

K.   TAILINGS  AND  SLIME  PONDS 

Tailings  and  slime  ponds  consist  of  impounded  mill  wastes. 
Slime  ponds  are  tailings  ponds  with  high  percentages  of  silts  and 
clays,  which  cause  very  slow  sediment  drying  conditions.   Slime 
ponds  are  commonly  associated  with  phosphate  and  bauxite 
processing  operations.   Reclamation  of  slime  ponds  is  complicated 
by  the  slow  dewatering. 

Tailings  impoundments  are  typically  placed  behind  dams.   Dams 
and  the  impounded  wastes  may  require  sealing  on  a  case-by-case 
basis  to  avoid  seepage  below  the  dam  or  contamination  of  the 
groundwater.   This  measure  only  may  be  done  before  emplacement  of 
the  wastes.   Long-term  stability  of  the  structure  must  be  assured 
in  order  to  guarantee  ultimate  reclamation  success.   See  Fiqure 
VIII-3. 
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Figure   VIII-3 
Tailings  Impoundments 

Deposited 
Tailings   Discharge       ^Tailings 

Surface 


.Free  Water  Pond 


FIGURE  A. 
Conventional  Tailings  Deposition,  Discharging  From  the  Dam 


FIGURE  B. 
Upstream  Method  of  Tailings  Dam  Construction 

(1)  Slimes.  (3)  Starter  Dam. 

(2)  Sands.  (4)  Discharge  Line  Raised  in  Increments. 
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FIGURE  C. 
Downstream  Method  of  Tailings  Dam  Construction 

(1)  Slimes.  (3)   Starter  Dam. 

(2)  Sands.  (4)   Drain. 
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FIGURE  D. 
Centreline  Method  of  Construction  Using  Cycloned  Sand. 


(1)  Slimes. 

(2)  Sands. 

(3)  Starter   Dam. 


(4)  Phreatic   Line. 

(5)  Drain. 
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Revegetation  of  the  tailings  after  trenching  can 
accelerate  the  drying  process  through  evapotranspiration.   Dust 
abatement  may  be  required  at  this  stage  in  order  to  avoid 
airborne  particulates  which  may  constitute  a  substantial 
environmental  problem. 

3.  Reshaping 

Depending  upon  the  nature  of  the  tailings,  it  may  be 
necessary  to  modify  the  overall  shape  of  the  top  of  the 
impoundment  to  avoid  the  concentration  of  water  on  the 
impoundment  and  to  improve  visual  quality.   This  can  involve  the 
addition  of  material  to  develop  a  "crown"  on  the  impoundment  and 
the  construction  of  artificial  drainages. 

4 .  Surface  Treatment 

Depending  upon  the  nature  of  the  tailings  materials,  it 
may  be  necessary  to  construct  a  cover  system  to  isolate  the 
waste.   Where  the  tailing  itself  is  a  suitable  growth  medium,  or 
can  be  amended  to  provide  a  suitable  growth  medium,  this  will  not 
be  needed.   Cover  systems  typically  include:   water  exclusion 
layer,  capillary  break,  and  growth  medium.   In  some  cases,  it  may 
be  impractical  to  revegetate  the  impoundment.   Because  dry 
tailings  material  is  highly  susceptible  to  wind  erosion  and 
subsequent  dust  problems,  it  is  important  to  cap  the  tailings 
material  with  coarse  durable  rock. 

5 .  Revegetation 

If  the  growth  medium  is  to  be  the  tailings,  it  should  be 
analyzed  and  evaluated.   It  is  likely  the  physical  and  chemical 
characteristics  will  require  some  modification  to  ensure  that  the 
ultimate  reclamation  goals  will  be  met.   Common  amendments 
include  fertilizer,  organic  material,  limestone  (for  control  of 
acidity) ,  acidifying  agents  (for  control  of  alkalinity) ,  and,  in 
some  cases,  bactericides  to  help  control  the  oxidation  of 
sulfides  during  the  initial  stages  of  revegetation. 
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Reclamation  of  tailings  impoundments  should  involve  the 
following  steps: 

1.  Tailings  characterization 

The  nature  of  the  tailings  to  be  impounded  should  be 
determined  as  early  as  possible  during  the  development  of  any 
plan..  Tailings  exhibiting  phytotoxic  or  other  undesirable 
physical  or  chemical  properties  will  reguire  a  more  complex 
reclamation  plan.   Analysis  should  include  a  thorough  review  of 
groundwater  flow  patterns  in  the  area  and  a  discussion  of 
potential  groundwater  impacts.   An  impermeable  liner  or  clay 
layer  may  be  reguired  to  avoid  contamination  of  groundwater. 
Where  tailings  include  cyanide,  final  reclamation  may  include 
either  extensive  groundwater  monitoring  or  pumpback  wells  and 
water  treatment  facilities  to  assure  (ensure)  groundwater  guality 
is  protected.   The  presence  of  cyanide  in  the  tailings  will  not 
normally  complicate  reclamation  of  the  surface. 

2 .  Dewatering 

The  first  phase  of  actual  reclamation  will  normally  be 
the  dewatering  or  drying  of  the  impoundment  so  that  eguipment  can 
gain  access  to  the  surface.   This  can  range  from  simply  letting     ■  P} 
the  tailing  material  dry  naturally  to  more  complicated  methods  of   "--- 
trenching  to  allow  water  to  escape  from  the  tailings.   This  phase 
of  reclamation  is  often  complicated  by  surface  crusting  of  the 
tailings.   This  phase  of  reclamation  can  take  up  to  several 
years. 

Reclamation  of  slimes  will  typically  reguire  some  form  of 
trenching  using  either  balloon-tired  vehicles  or  cable  trenching 
tools.   Slimes  reclamation  can  be  greatly  accelerated  by  creating 
surface  drainage. for  initial  stabilization  using  peripheral  and 
feeder  trenches.   Feeder  trenches  which  drain  into  the  peripheral 
trench  are  typically  25'  to  40'  apart,  and  up  to  2'  deep.   Once 
the  surface  of  the  tailings  has  dried,  heavier  eguipment  can  be 
used.   Farm  eguipment  can  usually  operate  when  the  solid  content 
exceeds  60%  in  the  top  6  feet. 
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Plant  species  selected  for  revegetation  should  be  adapted 
to  the  site-specific  conditions  in  order  to  fulfill  the  ultimate 
reclamation  objectives.   Factors  to  evaluate  include:   drought 
tolerance,  rooting  depth,  hardiness,  metals  accumulation, 
palatability,  seed  availability,  stabilization  ability,  ease  of 
propagation,  and  longevity.   Field  trials  on  test  plots  during 
the  mine  life  are  often  required  to  evaluate  which  species  will 
work  best  on  a  particular  site. 

Seedbed  preparation  is  the  next  important  phase  of 
reclamation.   Typically,  this  is  performed  by  standard 
agricultural  equipment  and  follows  normal  practices.   Roughening 
of  the  surface  to  be  planted  should  result  in  a  firm  but  friable 
surface.   In  many  cases,  mulching  and,  occasionally,  irrigation 
may  be  used  to  aid  in  establishment  of  vegetation.   It  is 
important  to  realize  that  dust  must  be  controlled  during  the 
early  stages  of  revegetation  or  it  will  scour  and  kill  emerging 
vegetation.   Following  planting,  the  success  of  revegetation 
should  be  monitored  to  assure  successful  reclamation. 

For  a  more  thorough  discussion  of  tailings  reclamation, 
refer  to  the  article  by  Richard  C.  Barth  (1984)  noted  in  the  list 
of  references. 

L.   HAZARDOUS  MATERIALS 

Most  mines  use  some  type  of  hazardous  material  during 
development  or  operation.   These  materials  may  include:   toxic 
materials,  such  as  cyanide;  corrosive  materials,  such  as  acids  or 
bases;   flammable  materials,  such  as  organic  solvents;  reactive 
materials,  such  as  oxidizing  agents;  and  explosives.   All  of 
these  materials  must  be  used,  stored,  handled,  transported,  and 
disposed  of  in  accordance  with  applicable  Federal  and  State  laws, 
including  "right-to-know"  laws. 

A  BLM  Hazardous  Materials  Coordinator  can  provide  advice  on 
the  details  of  proper  disposal  of  such  materials,  and  the 
statutory  requirements  that  make  the  particular  disposal 
techniques  necessary.   In  general,  disposal  of  hazardous  wastes 
by  pouring  them  on  the  ground  or  into  streambeds,  onsite  burial 
of  drums  or  other  containers,  or  dumping  of  drums  into  tailings 
ponds,  other  ponds,  or  down  mine  shafts,  does  NOT  constitute 
proper  disposal. 
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If  pipelines,  vats,  storage  tanks,  or  other  containers  are  to 
be  removed  at  any  time  during  the  life  of  the  mine,  or  as  a  part 
of  the  mine's  closure  and  reclamation,  they  must  be  properly 
cleaned  out.   The  materials  used  to  clean  such  facilities  and  all 
other  wastes  must  be  disposed  of  in  accordance  with  applicable 
waste  laws . 

Prior  to  final  closure  of  the  operation,  the  BLM  should 
require  that  the  operator  certify  that  no  hazardous  materials  or 
wastes  have  been  left  onsite  unless  specifically  authorized  by 
the  AO  with  the  concurrence  of  other  Federal  and  State  regulatory 
authorities.   The  appropriate  Hazardous  Materials  Coordinator 
should  be  consulted  as  a  part  of  the  final  closure  of  the 
operation. 
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EX.   CLOSURE  OF  UNDERGROUND  MINE  ACCESS 

A.  INTRODUCTION 

The  closure  of  underground  mine  access  presents  special 
concerns  from  the  standpoint  of  protection  rf  th*i   environment  and 
public  health  and  safety.   The  costs  associated  with  appropriate 
closure  techniques  are  often  quite  extensive.   In  addition, 
special  expertise  is  necessary  to  design  and  evaluate  the  design 
of  closure  techniques.   Different  methods  are  applicable  to 
temporary  and  permanent  closures.   The  illustrations  in  this 
section  show  various  temporary  and  permanent  mine  closure 
methods.   The  BLM  wishes  to  specifically  acknowledge  the  use  of 
notes  and  illustrations  excerpted  from  the  National  Coal  Board 
Handbook  entitled:   The  Treatment  of  Disused  Mine  Shafts  and 
Adits .  published  in  1982. 

B.  IMPLEMENTATION 

An  experienced  underground  mining  engineer  shall  review  the 
proposed  closure  plan  involving  underground  mine  access  which 
meets  the  applicable  State  and  Federal  requirements.   The  mining 
engineer  should  make  periodic  inspections  of  the  closure  site  as 
the  work  progresses  and  shall  also  inspect  the  results  upon 
completion.   Thereafter,  periodic  inspections  should  be  conducted 
to  ensure  that  the  closure  remains  adequate. 

C.  CLOSURE  OF  SURFACE  OPENINGS 

Closure  of  surface  openings  must  incorporate  sound  engi- 
neering and  construction  principles  in  order  to  ensure  the  health 
and  safety  of  human  life  and  the  protection  of  all  resources.   In 
most  cases,  the  method  used  to  close  the  surface  opening  will 
depend  upon  whether  the  closure  is  to  be  permanent  or  temporary, 
and  may  also  be  site  specific  due  to  on-site  conditions.   Prior 
to  closure,  an  on-site  investigation  should  be  conducted  by  a 
qualified  individual  to  determine  if  bats  or  other  wildlife 
inhabit  or  use  the  underground  workings.   The  method  of  closure 
may  need  to  be  designed  to  allow  for  ingress  and  egress  of  small 
animals. 
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1.  General  Guidelines — Surface  Openings 

All  surface  openings  must  be  properly  closed  when:   (1) 
they  are  declared  inactive  by  the  operator;  (2)  State  law  or 
regulations  require  that  they  be  closed;  or  (3)  closure  is 
necessary  to  mitigate  hazards  to  public  health  and  safety. 
Reclamation  or  protection  of  surface  areas  no  longer  needed  for 
operations  shall  commence  without  delay.   The  AO  should  designate 
such  areas  where  restoration  or  protection  measures,  or  both,  are 
to  be  taken. 

In  mining  or  prospecting  deposits  of  sodium,  potassium  or 
other  minerals  soluble  in  water,  all  wells,  shafts,  prospecting 
holes  and  other  openings  must  be  adequately  protected  with  cement 
or  other  suitable  materials  against  the  coursing  or  entrance  of 
water.   In  accordance  with  the  regulations  (43  CFR  3594.5(a)), 
the  operator/ lessee  shall,  when  ordered  by  the  AO,  backfill  with 
rock  or  other  suitable  material  to  protect  the  roof  from  breakage 
when  there  is  a  danger  of  the  entrance  of  water. 

2.  Temporary  Closures  (Less  than  one  year) 

In  areas  in  which  there  are  no  current  operations,  but 
operations  are  to  be  resumed  under  an  approved  plan,  the  operator  ,C'S', 
shall  maintain  the  site,  structures,  and  other  facilities  of  the    m   ■ 
operation  in  a  safe  and  clean  condition  during  any  non-operating    ^^^ 
periods.   Temporary  closure  measures  such  as  fencing, 
barricading,  or  substantially  filling  in  surface  openings  may  be 
required  for  short-term  non-operation.   All 
operators  may  be  required,  after  an  extended  period  of  non- 
operation  for  other  than  seasonal  operations,  to  remove  all 
structures,  equipment,  and  other  facilities,  and  reclaim  the  site 
of  operations.   Permission  may  be  granted  by  the  AO  to  do 
otherwise.   Conspicuous  signs  shall  be  posted  prohibiting 
entrance  of  unauthorized  persons  and  warning  of  danger.   Warning 
signs  shall  be  constructed  of  durable  materials  and  comply  with 
applicable  Federal  and  State  regulations.   All  such  protective 
measures  must  be  maintained  in  a  secure  condition  by  the  operator 
until  such  operations  are  resumed  or  permanently  closed. 
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For  leasable  minerals,  extensions  for  temporary  closures 
may  be  granted  by  the  AO  in  one  year  increments  provided  the 
operator  can  show  just  cause  for  not  permanently  closing  the  mine 
access.   Under  no  circumstances  may  a  lease  be  relinquished  or 
bond  terminated  until  all  mine  openings  are  permanently  closed. 
It  is  the  responsibility  of  the  operator  to  periodically  inspect 
temporary  closures  to  ensure  their  structural  competence  and  make 
repairs  to  any  damaged  portion  which  would  permit  unauthorized 
entrance. 

3 .   Permanent  Closure 

Before  permanent  closure  of  exploration  or  mining 
operations,  all  openings  and  excavations,  including  mine  shafts, 
portals,  and  acid  mine  drainage  discharge  points,  must  be  closed 
or  sealed  in  accordance  with  sound  engineering  practices  and 
according  to  an  approved  plan.   Reclamation  and  clean-up  around 
and  near  permanently  closed  underground  mines  includes,  except 
where  otherwise  expressly  provided  for  in  an  approved  plan, 
removal  of  equipment  and  structures  related  to  the  mining 
operation.   No  underground  workings  shall  be  permanently 
abandoned  and  rendered  inaccessible  without  the  advance 
consultation  or  written  approval  of  the  AO. 

Historically,  poorly  engineered  and  constructed  closures 
have  reopened  because  of  settling,  erosion,  vandalism,  pressure 
failure,  deterioration,  etc.   Pushing  dirt  into  the  entrance  of 
an  adit  or  shooting  down  the  portal  are  not  acceptable  practices, 
except  for  the  case  of  shallow  or  minor  underground  workings.   As 
a  part  of  the  closure  plan,  the  operator  shall  furnish  drawings 
in  plan  view,  front  view,  and  side  view  of  all  proposed  closures 
and  describe  the  specifications  of  the  construction  materials  to 
be  used. 

Closure  must  take  any  water  discharging  from  openings 
into  consideration.   If  the  mine  emits  potable  water,  the  design 
of  the  closure  may  allow  for  its  discharge.   In  the  case  of 
contaminated  water  (e.g.,  acid  mine  drainage),  the  closure  shall 
be  designed  to  prohibit  its  release  or  provide  for  remedial 
treatment  (see  Mine  Waste  and  Pollution  Control  section) . 
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4.   Closure  of  Mine  Openings 

In  order  to  minimize  potential  hazards  and  problems,  a 
complete  report  by  the  lessee/operator  should  be  furnished  to  the 
AO.   This  report  may  consist  of  a  copy  of  the  material  required 
by  State  or  other  Federal  agencies.   The  report  should  include: 

a.  Detailed  description  of  the  proposed  method  of 
closing  the  shaft. 

b.  Geographic  report  shall  include  a  map  showing  the 
location  of  the  shaft  in  relation  to  all  man-made 
facilities,  other  mines,  roads,  rivers,  streams, 
lakes,  etc.,  which  may  be  influenced  by  the  shaft  and 
which  may  influence  the  future  surface  use 
surrounding  the  shaft.   All  anticipated  subsidence 
must  be  shown. 

c.  The  AO  may  request  other  information  as  needed  for 
each  specific  shaft  closure  site. 

In  addition,  for  leasable  mineral  operations,  the  report 
must  contain  the  following.  This  information  may  also  be  useful 
in  evaluating  the  prevention  of  unnecessary  or  undue  degradation 
for  locatable  mineral  operations. 

a.  Geologic  report  including  maps  of  all  strata,  faults, 
fracture  and  joint  pattern,  geologic  structure, 
potential  subsidence  and  any  other  facts  which  may 
influence  the  abandonment. 

b.  Hydrologic  report  of  all  aquifers,  including  the 
quantity,  and  quality  of  waters  present,  maximum  and 
minimum  flow  rates,  possibility  for  contamination, 
solubility  of  minerals  present,  the  anticipated  head 
which  will  develop  if  the  workings  flood,  and  any 
other  relevant  matters.   In  the  event  of  subsidence, 
consideration  must  be  given  to  potential  for  subsid- 
ence features  to  act  as  a  conduit  for  surface  waters 
to  enter  the.  underground  workings . 
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c.  Engineering  report  of  shaft  construction  including 
all  physical  dimensions,  (vertical  cross  section  and 
plan  view) ,  materials,  thickness  of  shaft  lining, 
utilities  present,  obstructions,  elevation  of  shaft 
collar,  total  depth,  and  all  landings,  present 
structural  condition,  and  shaft  pillar  size. 

d.  Historical  report  of  when  construction  began  on  the 
shaft,  problems  encountered,  when  it  was  completed, 
what  its  purpose  was  (e.g. ,  ventilation,  ore 
hoisting,  supplies,  man  cage,  emergency  exit,  etc.), 
and  location  of  other  mines  in  the  surrounding  area. 

After  thorough  investigation,  the  AO  shall  approve  in 
writing  the  method  of  closure  after  consultation  with  the  surface 
management  agency,  the  surface  owner,  the  appropriate  State 
agency,  other  Federal  agencies  and  the  operator.   At  a  minimum, 
the  AO  should  require  the  following: 

a.  Incombustible  fill  material; 

b.  Isolation  of  aquifers; 

c.  Closures  and  caps  of  reinforced  concrete  anchored  to 
competent  rock  by  keying,  or  adequate  mechanical 
means;  and, 

d.  A  permanent  brass  or  aluminum  plug  giving  the  BLM 
case  number,  company  name,  and  date  of  closure. 

The  final  relinquishment  of  responsibility  and  financial 
bond  shall  not  be  made  until  a  joint  site  inspection  has  been 
conducted  by  the  AO  and  other  appropriate  State  and  Federal 
agencies  and  all  are  satisfied  with  the  work  performed. 
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D.   SAFETY  NOTES 


Underground  workings  which  are  not  actively  being  mined 
should  only  be  entered  when  absolutely  necessary.   In  all  cases, 
BLM  personnel  should  inform  the  operator  and  State  and  Federal 
agencies  involved  w;th  mine  safety.   BLM  personnel  conducting  or 
participating  in  inspections  shall:  be  knowledgeable  of  and 
comply  with  MSHA  and  OSHA  safety  requirements;  shall  have  the 
appropriate  and  mandatory  safety  and  health  training  for 
personnel  working  in  and  around  underground  mining  operations; 
and,  shall  comply  with  any  additional  safety  rules  and 
regulations  required  by  the  operator. 

1.  Personal  Safety  Precautions 

Persons  engaged  in  underground  mine  access  closure 
projects  or  in  searching  for  old  shafts  and  workings  should  be 
ever  mindful  of  their  own  safety.   There  should  always  be  at 
least  two  persons  present  and  they  should  be  equipped  with 
appropriate  safety  equipment,  such  as  safety  harnesses,  ropes  and 
anchorage  pickets.   If  operating  in  remote  country,  the  party's 
plans  should  be  known  to  a  responsible  person  who  should  be 
informed  of  any  major  changes  of  plan  and  when  the  day's  task  is 
complete.   Extra  care  is  necessary  where  the  ground  may  be 
unstable,  when  mine  gas  may  be  present,  and  when  working  in 
adverse  weather. 

2 .  Security  of  Surface  Operations 

At  any  open  shaft  it  is  necessary  to  provide  fences  or 
guards  to  protect  personnel  and  plant  from  falling  into  the  shaft 
and  from  other  dangers  (for  example  suction  and  blast  during 
filling) .   In  addition  it  is  necessary  to  ensure  that  all 
operations  are  carried  out  from  stable  ground  (Figures  IX-1  and 
IX-2)  and  that  any  necessary  precautions  are  taken  to  deal  with 
possible  mine  gases. 
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Figure  IX-1 
Approximate  Angle  of  Repose  for  Sloping  Sides  of  Excavations 
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Original  Groundline 


Note: 

The  Angle  of  Repose  is  measured  frcr .  .i;e  horizontal. 


SOURCE:  29CFR  1926.652 
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Figure  IX-2 


Figure  IX-2 

Use  of  the  Angle  of  Repose  for  Determination 

of  the  Potential  Failure  Zone 
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Potential  Failure  Zone  =  2r+W  Where: 
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SOURCE:  D.  G.  Simpson  and  M   Kuhns  (1989) 
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3 .    Ground  Stability 

The  factors  influencing  the  stability  include: 

-  nature  of  superficial  deposits; 
groundwater  levels; 

depth  of  firm  bedrock; 
existence  of  shallow  workings; 

-  other  possible  voids,  for  example,  concealed 
ventilation  drifts; 

-  strength  and  condition  of  the  shaft  lining. 

These  factors  should  be  evaluated  and  where  there  is  any 
doubt  about  the  ability  of  a  shaft  lining  to  withstand  the  thrust 
from  the  ground  and  from  any  additional  loading  arising  from  the 
operations  a  potential  collapse  zone  should  be  determined  and 
clearly  marked  with  fences  and  notices  as  may  be  appropriate 
(Figure  IX-3) .   Similarly  where  cratering  has  occurred,  the 
(potential)  collapse  zone  is  likely  to  extend  beyond  the  crater 
edge.   Cracking  of  the  ground  usually  indicates  that  further 
failure  is  likely. 

The  operator  should  avoid  using  trackless  equipment 
above  or  below  areas  where  the  possibility  exists  for  ground 
collapse.   In  such  cases.,  conveyors  or  other  equipment  allowing 
operator  personal  safety  should  be  used. 

No  person  should  enter  a  collapse  zone  unless  he  is 
wearing  a  safety  harness  attached  to  a  line  anchored  at  least  15 
feet  outside  of  the  zone.   The  safety  line  can  be  arranged  to  run 
overhead  and  be  used  for  several  harnesses.   Plant  and  equipment 
should  be  similarly  anchored  to  prepared  points  at  least  3  0  feet 
outside  of  the  zone,  and  such  additional  arrangements  made  as  may 
be  necessary  for  mobile  equipment.   Steel  posts  concreted  into 
boreholes  form  reasonable  anchorages  for  most  purposes. 
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Figure   IX-3 
Worker  and  Public  Safety  Zone  Calculations 
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SOURCE:  D.  G.  Simpson  and  M.  Kuhns  (1989) 
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4.  Mine  Gases 

When  final  closure  of  underground  workings  is  being 
conducted,  gases  may  accumulate  in  the  mine  due  to  a  change  in 
mine  ventilation.   After  mechanical  ventilation  ceases  at  a  mine 
(which  at  the  time  may  have  both  upcast  and  downcast  shafts)  the 
natural  flow  will  depend  on  barometric  pressure,  variation  of 
temperature  and  humidity,  mine  depth  and  changes  taking  place  in 
the  mine  such  as  rising  water  levels  or  collapsing  workings.   In 
some  cases,  there  may  be  no  ventilation. 

5.  Types  of  Mine  Gases 

Firedamp  (principally  methane)  may  be  found  at  some 
shafts,  and  blackdamp  (carbon  dioxide  and  nitrogen)  is  almost 
certain  to  be  found  in  all  shafts,  adits  and  old  workings. 
Firedamp  is  a  dangerous  combustible  and  explosive  gas;  but  like 
blackdamp,  it  can  also  create  an  oxygen  deficient  atmosphere  and 
so  cause  asphyxiation.   More  rarely,  other  gases  may  be  found, 
notably  carbon  monoxide  and  hydrogen  sulphide  (stinkdamp)  which 
are  very  poisonous  even  at  low  concentrations. 

Firedamp,  being  lighter  than  air,  tends  to  rise  and  in 
gassy  mines  significant  volumes  continue  to  be  emitted  from  the 
strata  for  some  time  after  working  ceases.   Eventually,  the 
production  of  gas.  from  the  deposit  dwindles.   Blackdamp,  being 
heavier  than  air,  is  likely  to  be  found  in  old  workings  gener- 
ally, particularly  in  the  lower  parts  of  shafts  and  adits. 

Any  of  the  gases  may  migrate  to  and  accumulate  in 
shafts,  adits  and  other  voids  -  in  particular  in  shafts  there  is 
a  danger  that  gas  may  migrate  along  the  annulus  between  the 
lining  and  the  strata.   It  is  most  important  to  note  that  if 
barometric  pressure  falls,  gas  may  appear  rapidly  in  places  where 
it  is  not  normally  present. 
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Mine  gases  which  may  exist  before,  during  or  after  shaft 
treatment  have  an  important  influence  in  determining  the  nature 
of  the  treatment  and  the  operational  methods  to  be  adopted.   Air, 
together  with  any  included  gas,  is  displaced  during  filling;  when 
connected  shafts  are  involved,  fill  placed  in  an  upcast  shaft  is 
likely  to  cause  complete  reversal  of  any  air  flow  and  possibly 
emissions  of  gas  in  the  downcast  shaft.   The  filling  of  shafts 
reduces  the  possibility  of  the  accumulation  in  them  of  large 
quantities  of  gas,  but  voids  in  which  gas  may  accumulate  can  be 
formed  as  fill  is  being  deposited  and  during  subsequent 
settlement.   This  can  be  of  importance  when  drilling  through 
fills. 

If  domestic  or  industrial  refuse  has  been  deposited  in 
the  shaft,  dangerous  gases  other  than  those  mentioned  above  may 
be  produced. 

When  entrances  are  to  be  sealed  it  may  be  necessary  to 
provide  vent  pipes,  fitted  with  flame  arrestors  and  protected  by 
lightning  conductors,  to  allow  gas  to  escape,  freely  to  atmosphere 
so  preventing  it  from  accumulating  immediately  below  a  shaft  cap 
or  plug  or  behind  a  stopping.   In  the  absence  of  a  vent  pipe,  gas 
may  flow  along  paths  provided  by  cracks,  fissures,  fan  drifts, 
service  pipes,  culverts,  etc.  and  collect  in  unventilated  voids 
and  buildings. 

Gypsum,  cement  or  resin-based  products  or  other  suitable 
materials  may  be  used  to  seal  shaft  covers  and  caps  to  restrict 
the  emission  of  gases. 

6.    Mine  Gas  Precautions 

The  guidance  of  ventilation  engineers  should  be  sought 
on  the  precautions  required  to  deal  with  gas  at  shafts  requiring 
treatment.   Approved  handheld  methanometers,  automatic  firedamp 
detectors  and  flame  safety  lamps  should  always  be  available. 

At  shafts  where  mechanical  ventilation  has  ceased,  the 
primary  precaution,  particularly  where  the  conditions  are 
unknown,  is  to  establish  a  security  zone  within  which  all 
possible  sources  of  ignition  are  prohibited.    Ignition  sources 
may  be: 
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smoking; 

-  braziers  and  other  open  fires  or  naked  lights; 
spark  ignited  internal  combustion  engines;  and 

-  electrical  apparatus  which  is  not  flameproof  or 
intrinsically  safe. 

The  security  zone  should  be  at  least  the  same  size  as  a 
potential  collapse  zone   (Figure  IX-3)  and  should  be  tested  with 
flame  safety  lamps  and  hand  held  methanometers ,  working  inward 
from  the  periphery  to  the  shaft,  to  establish  the  conditions. 
Then  all  buildings,  air  locks,  or  other  roofed  enclosures  within 
the  zone  should  be  opened  up  (demolished  if  necessary)  so  that 
the  shaft  or  adit  mouth  and  any  buildings,  etc.,  are  well 
ventilated. 

Where  gas  may  be  a  hazard  the  best  conditions  for  its 
ready  dispersal  are  provided  by  clearing  the  area  generally, 
including  removing  stockpiles  of  material  and  grading  out  any 
hollows  in  the  ground. 

Tests  for  firedamp  should  be  made  immediately  before  any 
operations  are  begun  and  when  they  are  to  be  restarted  after  a 
period  of  stoppage.   The  tests  should  be  made  at  the  shaft  mouth 
itself  and  at  positions  60,  120,  180,  240,  and  3  00  feet  down  the 
shaft  in  accordance  with  the  regulations.   If  firedamp  is 
detected  at  any  of  these  locations,  no  work  which  involves  open 
flames  or  sparks  (for  example  flame  cutting  or  welding)  should  be 
undertaken  within  the  security  zone. 

The  ventilation  engineer's  guidance  should  specify  in 
each  case  the  intervals  between  taking  samples  and  when  other 
work  should  cease  because  of  the  presence  of  firedamp.   Whether 
or  not  work  should  cease  will  depend  not  only  on  the  percentage 
of  firedamp  in  the  atmosphere  but  also  upon  other  circumstances, 
for  example: 

-  location  of  the  site  (whether  in  open  ground,  or  a 
built-up  area) ; 

-  type  of  any  work  being  done  (stripping-out,  removal 
of  lining,  filling) ; 

use  of  conveyors,  dump  trucks,  draglines  and  other 

equipment; 

use  of  explosives;  and, 

special  circumstances  (for  example,  the  necessity 

of  emergency  work) . 
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Where  blackdamp  is  the  sole  hazard,  the  work  need  not  be 
restricted  in  any  way  except  that  the  oxygen  content  must  be 
checked  regularly  and  when  the  shaft  is  being  filled  care  is 
required  at  the  shaft  site  as  the  gas  will  rise  on  top  of  the 
filling  and  eventually  spill  out  at  the  surface. 

At  shafts  where  lueohanxcal  ventilation  is  available  (at 
operational  mines) ,  it  will  normally  be  essential  to  retain  the 
system  in  operation  until  the  last  connection  is  reached  and  then 
when  the  ventilation  is  stopped  to  make  the  seals  as  quickly  as 
possible  so  as  to  minimize  the  emission  of  gas.   This  means  that 
seals  should  be  placed  simultaneously  on  all  the  shafts  or  drifts 
when  a  mine  is  being  abandoned  or  on  the  shaft  and  an  underground 
roadway  when  only  one  shaft  is  being  abandoned.   It  is  necessary 
to  ensure  that  the  ventilating  fan  is  kept  within  the  acceptable 
range  of  its  operating  characteristics.   The  specific  guidance  of 
a  ventilation  engineer  is  required  in  all  case  with  regard  to  the 
fan  and  the  general  precautions  to  be  taken  at  the  surface. 

F.   PRINCIPAL  FILL  MATERIALS- 

The  materials  used  for  the  bulk  of  filling  in  unused  shafts 
and  adits  may  be  termed  general  purpose  fill.   Other  materials 
used  for  special  purposes  include  hardcore,  clay  (including 
suitable  froth  flotation  tailings) ,  concrete  and  grouts. 

1.    General  Purpose  Fill 

General  fill  should  be  of  a  granular  nature  and  should 
have  no  unacceptably  adverse  quality  such  as  toxicity,  combus- 
tibility or  poor  engineering  property  which  could  affect  its 
performance  during  or  after  filling.   Mine  waste  may  be  used  as 
fill  material  if  it  has  appropriate  characteristics.   The 
chemistry  of  waters  which  will  come  in  contact  with  the  fill  must 
be  known  in  order  to  identify  fill  materials  which  will  be 
nonreactive  and  in  equilibrium  with  the  water. 
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Most  stable  granular  materials  are  acceptable,  including 
some  mining  wastes.   Hot  or  combustible  materials  and  wastes  with 
excessive  carbonaceous  matter  must  be  excluded.   Quartz itic  or 
other  hard  rocks  with  high  incendive  temperature  potential  can 
cause  sparking  when  striking  iron  and  steel,  and  their  inclusion 
in  fills  must  be  carefully  considered  in  conditions  where  there 
may  be  firedamp.   For  the  same  reason,  steel  and  iron  should  also 
be  excluded  from  all  fill  materials  as  should  be  aluminum, 
magnesium  and  their  alloys  because  of  the  possibility  of  thermite 
reaction. 

Hardcore,  as  described  below,  is  a  better  material  and 
can  obviously  be  used  for  general  fill  when  economically 
available. 

2 .    Hardcore 

Hardcore  includes  such  materials  as  broken  stone,  brick 
or  concrete  demolition  rubble  and  guarry  and  steelworks  wastes. 
Its  chief  uses  in  shaft  fills  are:  in  shaft  bottoms  and  at 
intermediate  shaft  insets  into  which  it  will  run  and  build  up  at 
its  angle  of  repose;  in  water-filled  shafts;  and  where  fill 
settlement  must  be  minimized.   Given  sufficient  length  in  the 
shaft  above  an  opening,  hardcore  can  give  support  to  a  weaker 
general  fill  material  which  is  incapable  of  supporting  itself  or, 
worse,  could  hold  up  at  first  but  fail  some  time  later.   Hardcore 
is  free  draining  and  will  permit  water  to  seep  down  into  the 
workings,  provided  that  the  drainage  paths  do  not  become  blocked. 

Hardcore  includes  most  clean,  hard  (uniaxial  strength 
exceeding  2,900  psi)  granular  material  of  the  types  described 
above.   The  maximum  size  should  not  normally  exceed  a  12  inch 
cube.   Hardcore  larger  than  15  inches  in  one  dimension  should  be 
avoided,  as  it  can  damage  shaft  supports  and  cause  obstructions 
which  may  interfere  with  closure  objectives.   The  grading  should 
be  such  as  to  give  a  reasonable  density  of  filling  while  enabling 
water  to  drain  through  easily,  suitable  proportions  being: 

12"  to  3/4"  -  not  less  than  80% 
3/4"  to  1/16"  -  not  more  than  15% 
minus  1/16"  -  not  more  than  5% 
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The  material  should  have  a  high  and  reasonably  consis- 
tent angle  of  internal  friction,  be  insoluble  and  be  resistant  to 
chemical  attack.   As  noted  under  general  fill,  materials  with 
high  incendive  temperature  potential  must  be  carefully  considered 
before  their  use  is  permitted  in  conditions  where  there  may  be 
firedamp. 

3.  Clav 

Material  in  the  fine  silt  to  clay  particle  size  range 
with  a  coefficient  of  permeability  less  than  1  x  10-6  cm/sec  can 
be  used  to  restrict  the  movement  of  water  within  a  shaft  or  its 
entry  from  the  surface.   Satisfactory  material  can  sometimes  be 
found  close  to  the  site.   If  the  clay  is  dry,  it  should  be 
thoroughly  wetted  and  worked  until  sufficiently  plastic  to 
consolidate  into  an  effective  seal.   The  plasticity  and  sealing 
properties  of  clay  materials  can  be  improved  by  the  addition  of 
pulverized  fuel  ash  (pfa)  or,  when  economically  justified, 
bentonite. 

Some  tailings  waste  in  the  form  of  filter  press  cakes 
may  be  of  sufficiently  fine  particle  size  to  be  suitable  for  use 
as  clay.   The  cakes  should  be  sufficiently  plastic  to  compact  and 
consolidate  into  a  solid  mass. 

4.  Concrete 

Concrete  used  for  good  guality  mass  fill  (3,600  psi)  or 
for  structural  engineering  purposes  (4,300  psi)  should  comply 
with  American  Concrete  Institute  (ACI)  Specifications.   The 
placing,  compaction,  reinforcement,  forming  and  curing  should 
generally  be  in  accordance  with  ACI  standards.   As  concrete  in 
shafts  is  liable  to  be  subjected  to  chemical  attack  by  aggressive 
groundwater,  appropriate  cements  (for  example  sulphate-resisting) 
and  aggregates  should  be  selected. 


Format  Corrected  in  Chapter  9 

BLM  MANUAL  Rel.  3-275 

2/7/92 


IX-17 


• 


• 


H-3042-1  -  SOLID  MINERAL  RECLAMATION 
Chapter  9 


5.    Grouts 


Grouts  comprise  a  range  of  various  materials  injected 
into  pores,  fissures  and  cavities  in  soils  and  rocks  as  liquids 
or  suspensions  which  solidify  and  thereby  increase  the  strength, 
or  reduce  the  permeability,  of  the  soil  or  rock.   The  particular 
grout  for  a  given  situation  depends  upon  the  size  of  pores, 
fissures,  or  cavities  to  be  filled  and  the  purpose  of  the 
operation.   The  two  main  types  in  use  are  cement  and  chemical 
grouts.   For  grouting  shaft  fills  having  large  pore  spaces  and 
other  cavities,  Portland  cement  may  be  used  with  the  addition  of 
sand,  bentonite,  slag  or  pfa;  if  necessary,  large  cavities  should 
be  filled  with  pea  gravel. 

Chemical  grouts  (which  are  more  expensive  than  Portland 
cement-based  materials)  have  been  developed  for  use  in  fine 
grained  rocks  and  sand,  and  may  be  required  for  injecting  the 
strata  around  shaft  plugs  and  adit  or  roadway  dams. 

Pfa  mixed  with  5  to  10  percent  of  Portland  cement  sets 
in  a  similar  way  to  concrete  and,  while  it  has  lower  strength,  it 
is  still  adequate  for  filling  voids  in  shaft  fills.   It  has 
advantages  in  that  it  does  not  segregate  when  dropped  through 
appreciable  heights  and,  being  of  low  bulk  density,  weight  for 
weight  it  fills  more  void  than  other  types  of  grout. 

G.   MEASURES  USED  IN  SHAFT  TREATMENTS 

Apart  from  the  cases  warranting  special  consideration  and 
design,  the  various  shaft  treatments  can  involve  the  following 
measures:     » 

-  controlled  filling; 
enclosure; 
covers ; 
caps ; 

shaft  plugs;  and 
roadway  stoppings  and  dams. 

These  are  described  below  mainly  with  references  to  shafts, 
any  comparable  measures  for  adits  being  referred  to  as  appro- 
priate.  In  selecting  the  measures  to  be  adopted,  the  particular 
purpose  of  the  treatment  should  constantly  be  borne  in  mind. 
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1.    Filling 

For  shafts  with  shallow  sumps,  controlled  filling  should 
be  commenced  with  hardcore  and  brought  above  the  roof  of  the 
shaft  bottom  roadways  to  a  height  equal  to  not  less  than  five 
diameters  for  shafts  up  to  650  feet  deep.  Additional  fill 
equivalent  0.25  diameters  for  every  additional  650  feet  of  depth 
should  be  used.  (See  Figure  IX-4.)   This  calculated  height 
includes  two  diameters  to  allow  for  the  possibility  of  weak 
strata  at  the  inset  roofs  and  for  the  margin  of  error  in  depth 
measurements.   The  hardcore  may  then  be  followed  by  general 
purpose  fill,  further  hardcore  being  used  at  any  other  insets  in 
the  length  of  the  shaft. 

Deep  sumps  may  be  filled  with  general  purpose  material, 
but  allowances  must  be  made  for  settlement.   The  height  of 
hardcore  above  the  shaft  bottom  roadway  should  therefore  be 
increased  by  5  to  7  percent  of  depth  of  the  general  purpose  fill 
in  the  sump  below.   Similar  allowance  is  required  for  settlement 
at  a  mid-shaft  inset   (Figure  IX-5) .   For  all  shafts,  bulkheads 
should  be  considered  when  backfilling  to  prevent  materials  from 
washing  out  of  the  shaft  into  the  workings. 

In  shafts  where  the  positions  of  insets  are  unknown, 
hardcore  should  at  least  be  used  until  it  has  been  brought  above 
the  level  of  all  likely  locations.   Hardcore  is  also  to  be 
preferred  for  fill  in  shafts  containing  water.   Placing  fill  in  a 
shaft  containing  water  may  result  in  a  rise  of  the  water  level  in 
the  shaft  causing  an  overflow  of  water  at  the  surface.   A 
catchment  basin  or  sedimentation  pond  may  be  needed  to  treat  this 
water  before  it  is  released  to  the  environment.   Concrete,  or 
concrete  and  hardcore  used  in  alternate  phases  at  the  shaft 
bottom,  provides  a  higher  degree  of  security  than  hardcore  by 
itself. 
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CONCLUSIONS 

SHAFTS 

The  shafts  closed  to  date  in  Pierce  County  have  all  been  successfully  completed 
within  or  near  estimated  construction  costs.  The  size  of  closed  shafts  range  from 
4  to  20  feet  in  diameter.  The  cable  net  closure,  although  appropriate  for  specific 
circumstances,  does  have  a  significant  cost  and  construction  time  frame 
associated  with  each  completed  closure.  The  volume  of  concrete  required  in 
structural  plug  closures  becomes  the  key  cost  feasibility  feature  associated  with 
this  method.  The  ability  to  install  rock  anchors  into  suitable  bedrock  and  the  steel 
rebar  diameter  required  for  bridging  and  soil  loading  are  the  key  issues  associated 
with  rock  anchor  slabs.  The  pre-cast  or  monolithic  concrete  slab  closure  is 
limited  in  use  by  the  depth  to  bedrock  and  the  width  of  potential  opening. 
Concrete  and  backfilling  is  quite  effective  where  shaft  diameter,  depth,  and  shaft 
bottom  conditions  are  defined.  Remedial  rock  backfilling  is  appropriate  where 
project  funding  is  limited,  investigation  efforts  have  proven  inconclusive,  or  quick 
response  (bend-aiding)  is  required. 

SUBSIDENCE 

The  subsidence  mitigation  work  to  date  in  Pierce  County  has  provided  numerous 
insights  where  limited  specific  areas  are  to  be  treated,  for  instance,  in  a  rural 
driveway  crossing,  the  slab  closure  is  effective.  Plugging,  netting,  or  concrete 
placement  does  not  effectively  address  the  issue,  since  adjacent  collapse  and 
structural  failure  can  be  ongoing.  Excavation  of  the  crown  pillar  or  collapse  of  the 
mine  workings  is  effective,  when  followed  by  backfilling,  but  difficult  to  specify, 
monitor,  and  assess.  Backfilling  does  allow  visual  observation  of  the  extent  of 
crown  pillar  failure  and  the  thickness  of  remaining  coal  crown  pillar. 

SUMMARY 

For  shafts  and  subsidence,  mine  reclamation  manageers  must  carefully  assess  the 
known  parameters,  have  flexible  contract  documents  where  unknown  factors 
cannot  be  accurately  quantified  before  construction,  and  go  proceed  the 
construction  phase  with  a  firm  project  objective. 
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SUBSIDENCE  MITIGATION:   METHODS  CONSTRUCTED 


Pack/DuPuis  Reclamation  Project 

Scope:  2  different  subsidence  areas 

Method  Used:  Structural   Slab   backfilling   and    Remedial 

Rock  Backfill 
Cost  per  unit:  $17,500  and  $1,500,  respectively 

Buckley  No.  2  Mine  Closures  Project 

Scope:  3  subsidence  areas 

Closure  Used:  Remedial  Rock  Backfill 

Cost  per  unit:  average  =  $6,000,  hole  size  dependent 


• 
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Backfilling 

Discussion:  This  method  involved  excavation  of  the  coal  crown  pillar  and 
backfilling  of  the  mine  void  remaining.  The  method  ensures  long  term 
remediation  by  including  a  "crowning"  backfill  over  the  strike  of  the  mine. 

Advantages: 

1 .     Long  term  solution 

2     Allows  visual  observation  of  progress 

3.     Can  be  inexpensive  if  part  of  a  large  excavation 

Disadvantages: 

1 .  Difficult  to  estimate  and  measure  quantities 

2.  Requires  careful  specifications  including  potential  scenarios  and 
encompassing  all  possibilities 

3.  Large  disturbance  and  revegetation  costs 

Additional  Notes: 

1 .  Is  only  applicable  if  appropriate  low  cast  material  is  on  or  very  near 

site 

2.  Dependent  on  material  flow  characteristics 

Remedial  Rock  Backfilling 

Discussion:  The  subsidence  areas  would  first  be  graded  with  debris  and 
topsoil  removal  to  an  extent  just  outside  the  existing  depression  limits.  Pit- 
run  material  would  be  placed  over  the  subsidence  and  crowned  above 
surface  grade. 

Advantages: 

1 .  Low  cost 

2.  Moderate  area  disturbance 

3.  Easily  constructed 

4.  Large  construction  equipment  is  not  required 

5.  Future  subsidence  would  be  easily  detected 

Disadvantage: 

1 .     Should  not  be  considered  a  permanent  solution 

Additional  Notes:  The  only  difference  between  Remedial  Rock  Backfilling 
and  the  Backfilling  methods  is  that  Remedial  Rock  Backfilling  involves 
placement  of  material  into  the  existing  subsidence  without  excavation. 
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Structural  Slab 


Discussion:  Similar  to  the  alternative  described  for  shaft  closures,  this 
alternative  involves  the  removal  of  overburden  on  both  sides  of  the  hazard 
down  to  competent  bedrock.  The  former  coal  seam  location  could  then  be 
bridged  with  steel  beams  or  pre-cast  slabs  placed  to  the  width  of  the  area 
to  be  abated. 

Advantages: 

1 .     Easily  constructed 
2     Permanent  solution 

3.     Future  subsidence  below  the  bridge  would  not  affect  structure 
performance 

Disadvantages: 

1.     High  cost  and  adjacent  subsidence  can  still  occur 

2     Movement  of  the  hanging  wall  could  cause  structural  failure 


Netting 


Discussion:  This  alternative  invofves  the  construction  of  a  barrier  screen 
over  the  subsidence  depression  and  then  backfilling  over  the  screen  with 
fill  material.  The  area  15-25  feet  around  the  depressions  would  be 
excavated  to  a  depth  of  approximately  six  feet  The  excavated  material 
would  be  stockpiled  for  later  backfilling.  Vertical  soil  anchors  would  then 
be  installed  surrounding  the  depression  at  approximate  four  foot  centers. 
High  strength  galvanized  steel  cables  would  be  attached  to  opposite  soil 
anchors  across  the  subsidence  depression  in  two  directions  forming  a 
cable  grid.  Galvanized  wire  mesh  fabric  would  be  installed  on  top  of  the 
cable  grid.  Finally,  an  appropriate  geomembrane  would  be  placed  on  the 
cable  net  and  be  backfilled  to  grade  with  stockpiled  material  and  locally 
available  fill  material  if  necessary. 

Advantages: 

1 .     Permanent  closure  at  location  existing 

2     Future  subsurface  subsidence  would  have  minimal  impact  on  the 
closure  if  net  width  is  adequate 

Disadvantages: 

1.  Extensive  disturbance 

2.  Multiphase  construction  process 

3.  Any  movement  in  hanging  well  could  cause  structural  collapse 

4.  Adjacent  locations  can  still  subside 
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SUBSIDENCE  MITIGATION:   METHODS  EVALUATED 

The  subsidence  caused  by  crown  pillar  failures  exhibited  in  Pierce  County 
requires  careful  analysis  of  several  construction  techniques.  The 
alternatives  for  this  condition  are  similar  to  those  described  for  the  shaft 
openings,  with  some  additional  methods.  The  alternatives  considered  for 
this  purpose  are: 


1. 

grouting 

z 

structural  slab 

3. 

backfilling 

4. 

netting 

5. 

remedial  rock  backfilling 

Grouting 


Discussion:  Grouting  is  a  procedure  where  a  cement-sand  material  is 
injected  under  pressure.  The  grout  would  be  injected  through  drillholes 
spaced  throughout  the  area  to  provide  thorough  injection  into  the  area. 
The  grout  forms  a  bulb  as  the  area  is  filled  and/or  existing  material  is 
displaced.  The  result  is  a  solidified  mass  of  grout  and  formerly 
unconsolidated  material. 

Advantages: 

1 .     Minimal  area  disturbance 

Disadvantages: 

1 .  High  cost 

2.  Results  are  difficult  to  assess 

3.  May  require  specialty  contractor 

Additional  notes:  The  method  of  grouting  is  not  usually  practicable  to 
Pierce  County  since  the  beds  are  so  steeply  dipping. 
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SHAFTS:   METHODS  CONSTRUCTED 


Spiketon  Emergency  Project 

Scope:  1  Coal  Mine  Shaft 

Closure  Used:  Structural  Plug 

Cost  per  unit:  $22,000 

Wingate  Hill  Reclamation  Project 

Scope:  6  Coal  Mine  Shafts 

Closure  Used:  Cable  Net  -  Soil  Anchors 

Cost  per  unit:  $30,000  to  $35,000 

Pack/DuPuis  Reclamation  Project 

Scope:  2  Coal  Mine  Shafts 

Closure  Used:  Rock  Anchor  Plug 

Cost  per  unit:  $7,500 

Buckley  No.  2  Mine  Closures  Project 

Scope:  1  Coal  Mine  Shaft 

Closure  Used:  Concrete  and  Backfill 

Cost  per  unit:  $8,000 
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Remedial  Methods 


Discussion:  The  remedial  closure  method  used  in  Pierce  County  has  been 
to  backfill  with  a  pit  run  slump,  especially  in  remote  areas  where  mine 
mapping  did  not  confirm  shaft  existence,  the  shaft  had  previously  been 
filled  over  and/or  the  shaft  bottom  appeared  stable. 

Advantages: 

1 .  Ease  of  design  and  construction 

2.  Relatively  low  cost 

3.  Can  easily  be  incorporated  as  an  addition  to  an  existing  contract 

Disadvantages: 

1 .     Should  not  be  considered  a  permanent  solution. 

The  cost  is  dependent  on  the  size  of  observed  holes.  An  assumed  cost 
of  $1 5  per  cubic  yard  of  import  material  should  be  used.  The  cost  includes 
all  work.  Typical  total  cost  is  less  than  $5000  per  shaft 
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Pumped  Concrete  and  Backfill 

Discussion:  This  method  involves  placement  of  a  concrete  plug  at  the 
shaft  interface  with  the  mine  working,  e.g.  fan  entry  shaft  The  remaining 
shaft  is  then  backfilled  with  a  chosen  material. 


Advantages: 

1 .  Inexpensive,  very  effective  closure 

2.  Safe  to  construct,  no  work  required  in  shaft 

Disadvantages: 

1.  Must  have  knowledge  of  exact  conditions  at  shaft  bottom 

2.  Accessibility  of  site  may  require  pumping  of  concrete 


Shaft  Size  =  6  feet  by  8  feet.  1 00  feet  dig 


ITEM 

QUANTITY 

UNIT 

UNIT 
COST 

TOTAL 
COST 

Mobilization/ 
Demobilization 

1 

LS. 

5%  of 
Total 

1000 

Concrete 

18 

C.Y. 

100 

1800 

Backfill 

200 

C.Y. 

15 

3000 

Total 

5,800 

Shaft  Size  =  12  feet  bv  12  feet 


ITEM 

QUANTITY 

UNIT 

UNIT 
COST 

TOTAL 
COST 

Mobilization/ 
Demobilization 

1 

LS. 

5%  Of 
Total 

1000 

Concrete 

27 

CY. 

100 

2700 

Backfill 

500 

C.Y. 

15 

7500 

Total 

.     ■              .... 

1 1  1111 

>IP^IllP*i 

\::::.:-:>:---'^------.-::':--  .'.■■..;:'. 

$11,200 

Concrete  cost  includes  pump  truck. 
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Cable  Net 

^gn:    This  shaft  closure  method  involves  excavation  of  a  large 

To  n  L  wUrr°Unding  me  ShafL  Fo,lowin9  excavation  to  a  level  grade  8 
to  10  inch  diameter  drillholes  are  constructed  to  depths  of  15  to  2)  feet 
(material  dependent)  on  the  perimeter  of  the  hole  on  4  foot  spac  ngf  Trfe 
drillholes  are  used  for  instillation  of  steel  rebar  soil  anchors  (No.  5  to  No 

KLhS^t  ,nt°  thG  dri"h0leS)-  HiQh  tenSion'  9^nized  «*«e 
(a  rcraft  cable)  is  strung  in  a  grid  pattern  between  anchors  forming  a  "cable 

Sled  toPthTgTdate'  4  f°0t  ^  4  f°0t  SqUareS"    "*  m6Sh  I***  i 

Advantages: 

1 .  Good  closure  for  large  shafts  situated  in  deep  glacial  till 

2.  Material  costs  are  cheap 

3.  Very  safe  to  construct 

Disadvantages: 

1 .  Fairly  high  cost,  especially  when  hole  is  small 

2.  Large  construction  disturbances 

3.  Drilling  can  cause  a  slow-moving  project,  and  everything  depends 
on  soil  anchor  installation 

4.  Labor  cost  is  high 

5.  Vandalism  of  netting  is  possible  due  to  exposure 

6.  Inspection  costs  are  high  due  to  length  of  contract 

|MJ^  Situated  above  deep  glacial  till,  shaft  greater  than  6  foot  diameter  80 
foot  d,ameter  cable-net  closure,  8  inch-15  foot  depth  soil  anchors,  66  dXlef 


ITEM 


QUANTITY 


Mobilization/ 
Demobilization 


UNIT 


LS. 


UNIT 
COST 


TOTAL 
COST 


1 


2500 
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Shaft  Size  8  feet  by  8  feet 


ITEM 

QUANTITY 

UNIT 

UNIT 
COST 

TOTAL 
COST 

Mobilization/ 
Demobilization 

1 

LS. 

10%  of 
Total 

1000 

Rock  Anchors  (36") 

48 

EA 

$50 

2400 

Decking 

75 

S.F. 

$10 

750 

Rebar  (No.  7) 

300 

LF. 

$5 

1500 

Concrete  (3000  psi) 

10 

C.Y. 

$100 

1000 

Revegetation 

30 

S.Y. 

$1 

30 

Total 

mmmmM 

.v .  v. ..,  i  .■-■.-.-..■.::■  r  ■■■■■;.;.:. : 

$6,680 

Shaft  Size  12  feet  bv  12  feet 
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Rock  Anchor  Slab 


Discussion:  This  closure  involves  anchoring  a  concrete  mass  directly  to 
the  shaft  bedrock  with  grouted  rock  anchors.  The  first  step  is  to  construct 
a  base  to  place  concrete.  The  shaft  wall  is  drilled  two  to  three  feet  below 
the  top  of  bedrock,  and  rebar  anchors  are  placed  at  appropriate  intervals. 
Other  anchors  would  then  be  placed  above  the  base  decking  to  provide 
reinforcement  and  additional  bonding  with  the  bedrock.  Reinforcing  steel 
would  then  be  installed  to  strengthen  the  concrete.  Finally,  concrete  is 
poured  to  the  top  of  bedrock  and  backfill  is  then  placed  over  the  closure 
to  grade. 

Advantages: 

1 .  Low  cost 

2.  Durable  permanent  closure 

3      Future  subsidence  would  not  affect  closure  performance. 


Disadvantages: 

1.     More  difficult  to  construct  than  other  alternatives 
2     Significant  portion  of  work  required  in  the  shaft 
3. 


Cost  is  sensitive  to  increase  in  depth  if  backfilling  is  required 
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Shaft  Size  =  8  feet  by  8  feet 


ITEM 


QUANTITY 


UNIT 


UNIT 
COST 


TOTAL 
COST 


Mobilization/ 
Demobilization 


LS. 


10%  of 
Total 


1000 


Excavation 


200 


C.Y. 


$5 


1000 


Stockpiling 


200 


C.Y. 


$1 


200 


Slabs 


EA 


$1000 


2000 


Backfill 


200 


C.Y. 


$1 


200 


Revegetation 


100 


S.Y. 


$1 


100 


Total 


$4,500 


Shaft  Size  12  feet  by  12  feet 


ITEM 


QUANTITY 


UNIT 


unit 

COST 


TOTAL 
COST 


Mobilization/ 

Demobilization 


LS. 


10%  of 

Total 


1500 


Excavation 


250 


C.Y. 


55 


1250 


Stock  pfiing 


250 


C.Y. 


$1 


250 


Slabs 


EA 


$1500 


3000 


BackfiB 


250 


C.Y. 


$1 


250 


Revegetation 


150 


S.Y. 


$1 


55SB5SSKR5; 


150 


Total 


SBSS&SSSSSfflS 


$6,400 
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Structural  Slab 


Discussion:  This  alternative  removes  the  overburden  immediately 
surrounding  the  opening  to  expose  the  underlying  bedrock.  Pre-cast 
concrete  slabs  or  a  monolithic  structure  is  placed  over  the  shaft  opening 
with  sufficient  length  to  extend  beyond  either  side  of  the  opening.  The 
surface  bedrock  is  notched  or  keyed  to  accept  the  shape  of  the  beam  and 
provide  a  stable  placement  Backfill  is  placed  over  the  structure  in  lifts  until 
It  matches  the  surrounding  grade. 

Advantages: 

1 .     Moderate  cost 
Z     Easy  to  construct 

3.  No  direct  work  in  the  shaft 

4.  Durable  permanent  closure 

5.  Future    subsidence    in    the    shaft    would    not    affect    closure 
performance 

6.  Contractor  should  the  have  option  of  cast-in-place  or  pre-cast 

Disadvantages: 

1 .  Land  disturbance  and  stockpiling  required 

2.  Large  equipment  access  may  be  difficult 

3.  Depth  of  slab  placement  causes  a  cost  sensitivity  if  backfilling  is  a 
priority 

4.  Difficult     access     may     prevent     slab     or     concrete 
mobilization/placement 


232 


P 


COMPACTED 
BACKFILL 


OVERBURDEN 


BEDROCK 


<V^- CONCRETE 


GEOMEMBRANE 

■CAVED  MATERIAL 
CEXTENTS   UNKNOWN} 


CONCRETE  PLUG 


231 


53' 


•35' 


-17.5" 


■17.5' 


BACKFILL 


STRUCTURAL  CONCRETE  PLUG 


230 


Shaft  Size  =  6  feet  bv  B  feet 


TEM                      QUANTITY 

UNIT 

UNIT 
COST 

TOTAL 
COST 

Mobilization/ 
Demobilization 

1 

LS. 

10%  of 
Total 

1000 

Stone  (Riprap) 

50 

C.Y. 

20 

1000 

Concrete  (3000  psi) 

40 

C.Y. 

100 

4000 

Borrow  FBI 

30 

C.Y 

25 

750 

Revegetation 

30 

S.Y. 

1                        30 

Total 

S^^^^S: 

ISP 

mmmmm 

6,780 

Shaft  Size  =  12  feet  bv  12  feet 


ITEM 

QUANTITY 

UNIT 

UNIT              TOTAL     I 
COST              COST     I 

Mobilization/ 
Demobilization 

1 

LS. 

10%  of 
Total 

1000 

Stone 

50 

C.Y. 

$20 

1000 

Concrete  (3000  psi) 

60 

C.Y. 

$100 

6000 

Borrow  FBI 

40 

C.Y. 

$25 

1000 

Revegetation 

45 

S.Y. 

$1 

45 

Total 

j^^S^^S^^fe^^^^i 

W^v^z 

^^S^^^^^^W^^ 

$9,045 

^^^^^^ 
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METHODS 


SHAFTS:   METHODS  EVALUATED 

The  alternatives  for  shaft  reclamation  include  various  methods.  Fences  or 
other  remedial  measures,  not  treating  the  hole,  were  not  considered 
because  of  permanence.  The  methods  are: 

1 .  Structural  Plug 

2  Structural  Slab(including  pre-fabricated) 

3.  Rock  Anchor  Slab 

4.  Cable  Net 

5.  Pumped  Grout  and  Backfill 

6.  Remedial  Methods 


Structural  Plug 

Discussion:  This  alternative  requires  placement  of  concrete  into  the  shaft 
opening.  Stone  backfill  in  framework  is  placed  in  the  bottom  of  the  shaft 
to  prevent  unwanted  concrete  travel.  The  portion  of  the  shaft  above 
bedrock  can  be  filled  and  compacted  with  locally  available  fill  soil  or 
concrete. 

Advantages: 

1 .  Minimal  area  disturbance 

2.  Easily  constructed  if  access  is  straightforward 

3.  Safety  of  workers 

Disadvantages: 

1.  Could  take  large  quantities   of  rock  or  precarious  formwork 
installation 

2.  Concrete  supply  may  require  pumping;  cost  then  escalates 
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PIERCE  COUNTY  AML  HAZARDS 

¥mmmwm 

7CY>     The  coal  seams  and  associated  rock  stratas  are  eocene  «y 
Oto  100+  feet 

MINING  HISTORY 

ami  ha-mrri<;  were  caused  by  coal  mining  operations 
The  Wilke^n  area  AML  hazard s  wen  ^    y  mjne  ^^    ^  ^ 

SSI  d  b  Z ^Tand  5S  -thod  w*h  a  crown  P»^<«£ 
?S  STseems  were  extend  mined,  common*  exceeding  65% 
enaction.  Air  shafts  and  log  chutes  commonly  were  used. 


SHAFTS  vs.  SUBSIDENCE 

The  distinction  between  the  two  hazard  features,  shafts  and  subsidence, 
2n  bf drfficutt  and  is  usually  based  on  the  foitowmg  cntena: 

.  Direct  correlation  between  mine  maps  and  survey,  If  a  shaft  is  on 

a  map  and  ties  to  a  survey,  It  is  a  shaft 

.  The  shafts  usually  break  through  on  the  surface  quite  distinctly,  as 
Apposed  to  a  degrading  trough  like  observation  related  to 
subsidence 

The  affected  area  of  a  shaft  is  minimal,  the  subsidence  profile  is 
#         llngS  along  strike.  The  subsidence  events  are  «Md  by 
unconsolidated  overburden  flow  into  the  mine  void  below  the 
overburden;  flow  occurring  due  to  crown  pillar  failure 
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SIGNIFICANT  TERMS 

Bedrock  -  unbroken  solid  rock  mass  overlaid  by  unconsolidated  material 

Competent  rock  -  strata  or  rock  structure  combining  sufficient  firmness 
and  flexibility  to  transmit  pressure  and  withstand  applied  loading  without 
failing  or  collapsing 

Crown  pillar  -  section  of  intact  coal  near  the  surface  of  a  steeply  dipping 
seam  which  is  left  unmined  to  prevent  subsidence 

Dip  -  the  angle  at  which  a  bed,  stratum,  vein  or  seam  is  inclined  from 
horizontal 

Footwall  -  the  lower  wall  or  rock  below  an  angular  mined  mineral  seam 
Gob  -  coai  refuse  from  mining  operations 

Hanging  wall  -  the  upper  wall  or  rock  above  an  angular  mined  mineral 
seam 

Headwall  -  the  soil  mass  above  bedrock  overlaying  the  hanging  wall 

Mine  opening  -  the  opening  into  the  mine  void  at  the  lowest  point  of  the 
mine  degradation  area 

Mine  degradation  -  the  failure  of  overburden  immediately  surroundinq  an 
open  mine  shaft 

Overburden  -  the  soil  mass  above  bedrock 

Seam  -  a  relatively  thin  single  layer  of  mineral  ore  representing  continuous 
deposition;  for  this  project  the  mineral  was  coal 

Strike  -  the  direction  of  the  line  formed  by  the  intersection  of  the  bedding 
plane  of  a  seam  with  a  horizontal  plane 

Subsidence  -  the  failure  and  resultant  collapse  or  depression  of  earth 
material  above  a  mined  area 
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INTRODUCTION 

Historic  coal  mining  activity  in  Pierce  County,  Washington,  from  the  early 
1 900"s  has  turned  into  a  modern  day  liability  as  the  population  of  Seattle 
grows  towards  this  one  remote  area  Air  shafts,  portals,  and  very 
dangerous  subsidence  profiles  are  Pierce  County's  primary  AML  hazards. 

The  abandoned  mine  land  work  is  being  performed  for  the  Office  of 
Surface  Mining,  Reclamation,  and  Enforcement's  (OSM)  Western  Service 
Center  in  Denver,  Colorado.  The  work  is  currently  ongoing.  In  the  fall  of 
1 990,  Morgan  Mining  &  Environmental  Consultants,  Ltd.  (MMEC)  performed 
an  AML  inventory  of  Pierce  County. 

Following  the  AML  inventory  in  1990,  OSM  and  MMEC  prioritized  the 
reclamation  objectives  for  Pierce  County.  To  date,  MMEC  has  performed 
design  and  construction  monitoring  services  for  5  different  OSM  projects 
in  this  area.  The  total  construction  cost  of  the  projects  is  currently 
$350,000.  This  has  included  eleven  shafts,  two  portals,  and  abatement  of 
several  critical  subsidences. 
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OSM's  SHAFT  CLOSURES  AND  SUBSIDENCE 
MITIGATION  IN  PIERCE  COUNTY,  WASHINGTON1 


• 


Presented  by 


Greg  Gabbard,  Ginger  Kaldenbach,  and 
Joe  Methner2 


ABSTRACT 


This  paper  examines  mitigation  alternatives  used  for  abatement  of  mine-related 
hazards  present  within  the  Pierce  County,  Washington  area.  The  discussion 
presents  the  typical  site  description  and  then  performs  analyses  of  various 
alternatives  considered  and  selected.  The  construction  methods  chosen  were 
founded  on  cost  and  technical  feasibility,  field  investigation,  1 990  and  1 985  OSM 
(Office  of  Surface  Mining  Reclamation  and  Enforcement)  abandoned  mine  land 
inventory,  and  available  mine  records  for  the  area. 


'Presented  at  the  AML  Conference,  Jackson,  Wyoming,  September  12-14, 1993. 

^reg  Gabbard,  PE,  MMEC  Civil  Engineer;  Ginger  Kaldenbach,  OSM  Western  Service 
Center;  and  Joe  Methner,  PE  &  LS,  Project  Manager  for  Morgan  Mining  &  Environmental 
Consultants  (MMEC),  Lexington,  Kentucky. 
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.  L  4"  x  4"  x  1/4"  stiffener  @  4'  £  <£ 


• 


Typical  Flat  Plate 
Lap  Joint 


Wedge  Apex  Joint 


Beam  Schedule 

Ht.  of  Wedge 
(HI  Ft. 

Less  than  9' 
Less  than  12' 
Less  than  16' 

Min.  Beam 
Size 

S4  x  7.7 
M  4x  13 
W5x  16 
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around  and  over  hazardous  and  unprotected 
mine  shafts,  stopes,  adits  and  other  openings 
which  may  be  open  to  the  surface  or  hidden 
from  view  by  trash,  debris,  or  thin  and  un- 
-stable  layers  of  surficial  materials  or  rock. 
The  constructor  shall  be  responsible  for 
throughly  investigating  the  site  conditions 
and  conduct  his  equipment,  equipment 
operations,  personnel,  and  safety  pro- 
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Figure  IX-4 


Figure   IX-4 
Controlled  Backfill 


Temporary 
Fencing 


Bedrock 


,\  y/  a\\^/// 


/ 


Ground 
Surface 


Unconsolidated 
Sediments 


General 

Purpose 

Fill 
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HEIGHT  OF  HARDCORE  (H)  IN  SHAFT 

H-kd+S 
Where: 
H-Height  of  Hardcore  in  Shaft 
k-5  for  Shaft  Depths  Up  to  650  Ft.: 

Add  0.25  Dia  for  Each  Additional 

650  Ft. 
d-lnternal    Diameter 
S-Allowance   for   Settlement  of 

General  Purpose  Fill  Normally 

5  to  7%xl.  (No  Allowance  Required 

for   Hardcore) 
UTotal  Length  of  General  Purpose 

Fill 


Source:  National  Coal  Board  (U.K.; 
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Figure  IX-5 


Figure   IX-5 
Multi-Level  Controlled  Backfill 


Temporary 


r--: 


Temporary 
Fencing 


Ground 
Surface 


Unconsolidated 
Sediments 


Bulkhead 


/      or 

Filter 


HEIGHT  OF  HARDCORE  (H)  AT 
MID  SHAFT  INSET 

H.kd+S 
Where: 

H-Height  of  Hardcore  Above 
Upper  Level 

k-5  for  L  Up  to  650  Ft.:  Add 
0.25  Dia  For  Each  Additional 
650  Ft. 

L-Length  of  Shaft  Above  Upper 
Level 

d«lnternal    Diameter 

l-Total  Length  of  General 
Purpose  Fill  Below  the 
Upper  Level 

S-Allowance   for   Settlement   of 
General  Purpose  Fill. 
Normally  5  to  7%xl    (No 
Allowance   Required  for 
Hardcore) 


Bulkhead     Height  of  Hardcore  At  Shaft  Bottom 
Is  Calculated  in  Similar  Manner  to 
Upper  Level  as  Given  Above 


Source    National  Coai  Board  (U  K  ; 
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Clay  may  be  sandwiched  between  lengths  of  general  fill 
to  limit  the  passage  of  gas  and/ or  water  moving  up  or  down  the 
shaft.   When  internal  access  is  available,  the  shaft  lining,  and 
all  longitudinal  materials,  such  as  pipe,  shaft  guides,  cables, 
anchors  or  buntons,  boards,  ladders,  etc.,  should  be  removed  at 
the  shaft  seal  location.   An  impermeable  strata,  such  as 
mudstone,  should  be  scl-cceJ  for  the  location  and  placement  of 
the  clay  seal.   This  will  enable  the  clay  to  be  squeezed  tight  up 
to  impermeable  strata.   The  clay  seal  should  be  installed  below 
the  water  table  to  prevent  it  from  drying  out  and  developing 
shrinkage  cracks;  otherwise,  the  seal  would  be  ineffective.   The 
length  of  a  clay  seal  against  exposed  strata  should  be  not  less 
than  3  feet  per  3  00  feet  head  of  water,  subject  to  a  minimum 
length  of  six  feet. 

Allowance  should  be  made  for  a  margin  of  error  in 
measurement  of  the  depth  and  of  5  to  7  percent  for  settlement  in 
the  length  of  clay  and  underlying  general  purpose  fill.   The  time 
required  for  the  settlement  will  depend  upon  the  quality  and 
quantity  of  the  materials  that  were  used.   General  fill 
containing  large  amounts  of  clay  will  take  longer  to  settle  than 
granular  fill.   Complete  settlement  of  shaft  fill  may  take 
several  years. 

When  filling  is  complete,  the  shaft  should  be  tempo- 
rarily mounded  over,  fenced,  and  provided  with  warning  notices 
until  the  fill  settles  and  permanent  capping  is  placed. 
Alternatively,  if  it  is  desired  to  clear  the  site  quickly,  the 
shaft  can  be  capped  immediately  after  the  filling  is  complete, 
provided  that  provisions  are  made  for  eventual  permanent  closure 
treatment  (e.g.  grout  the  fill  using  pre-formed  or  drilled  holes 
for  grouting  through  the  cap) . 

2.    Enclosures 

The  combination  of  a  properly  maintained  enclosure  and  a 
light  shaft  cover  is  normally  an  adequate  temporary  measure  to 
prevent  accidental  access  to  an  open  shaft  or  adit. 
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New  enclosures,  normally  of  fencing,  should  be  of 
sufficient  area  to  allow  for  subsequent  operations  and,  wherever 
possible,  a  permanent  access  to  the  site  should  be  made.   Two  or 
more  shafts  may  be  conveniently  included  within  one  enclosure. 
At  an  adit  mouth  the  enclosure  should  extend  along  the  line  of 
the  roadway  to  a  point  where  the  rock  is  sufficiently  thick  to 
ensure  protection.   The  standard  of  _f<siicl:.j  or  walling  to  be 
provided  should  be  determined  by  the  circumstances  at  each 
location.   Recently-filled  shafts  where  settlement  is  taking 
place  should  be  temporarily  protected  by  an  enclosure. 

Damage  and  normal  deterioration  of  fencing  usually 
entails  regular  inspection  and  maintenance.   Enclosures  should 
not  be  necessary  following  proper  closure  and  reclamation. 

3.    Covers 

Covers  are  intended  to  prevent  the  accidental  entry  of 
persons  and  illegal  dumping  into  an  unfilled  shaft  but  are  not 
designed  to  protect  the  surface  against  subsidence  by  cratering. 
Generally,  covers  should  not  be  used  as  permanent  mine  closures. 
Only  backfilling  will  permanently  support  shaft  lining  walls  and 
the  shaft  cap  or  plugged  surface. 

Covers  should  be  clearly  visible,  self  draining,  and 
protected  from  being  overloaded.   They  should  be  used  only  where 
the  lining  is  sound  or  has  been  suitably  repaired  or  strengthened 
to  ensure  long  term  security  of  the  ground  surrounding  the  shaft 
mouth.   Gas  vent  pipes  with  flame  arrestors  may  be  necessary  and 
fencing  may  be  required  to  limit  access  to  them.   The  cover  and 
any  fittings  should  be  vandal-proof  and  designed  to  preclude 
possibilities  of  burrowing  under  the  edges,  or  of  the  easy 
lifting  of  any  removable  section  of  the  cover.   Shaft  covers  may 
be  divided  into  two  classes  —  light  and  heavy  duty. 

Light  duty  covers  (Figure  IX-6)  may  be  constructed  of 
timber,  steel  or  concrete  and  should  be  designed  for  a  uniformly 
distributed  superimposed  loading  of  270  pounds  per  square  foot. 
They  should  only  be  used  in  circumstances  where  an  enclosure  can 
be  provided  to  prevent  access  by  unauthorized  persons  and 
vehicles.   Frequent  inspection  and  maintenance  of  the  cover  are 
likely  to  be  necessary. 
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Figure  IX-6 


Figure  IX-6 
Light  Duty  Shaft  Cover 


2D   Minimum 


f~ 


Vent  Connection  Blanked  Off  or 
Fitted  With  Stand  Pipe  and  Flame 
Arrestor  as  Required 


_  Covered  Inspection  Opening  as  Required 
V"  (Approximately   2.0'   x   2-0') 


Concrete  Fill  to 
Support  Cover  Clear 
of  Lining  and  Prevent 
Burrowing  to  Shaft  Wall 


Approximately    1.5' 
Mounding  Where 
Practicable 


Source:  National  Coal  Board  (U.K.; 


Typical  Constructions  (to  Carry  Superimposed  Load  of  270  LbsJFt.  ) 
For  Covers  to  Be  Used  Only  Within  a  Secure  Enclosure 

-  In-Situ  Concrete  Slab  Strength  ■  4350  psi 

-  Pre-Cast  Concrete  Beams  and  Topping 

-  Steel  Sections  and  Plating  (Limited  Life) 

-  Steel  Sections  and  Heavy  Timbers  (Limited  Life) 
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Heavy  duty  covers  (Figure  IX-7)  should  be  constructed  of 
reinforced  concrete  and  be  designed  to  carry  a  uniformly 
distributed  superimposed  load  of  700  pounds  per  square  foot  and 
should  be  not  less  than  12  inches  thick.   They  should  incorporate 
a  strong  central  monument  to  prevent  vehicles  from  traveling  over 
the  cover  and  to  mark  the  shaft.   The  reference  number,  position 
of  the  center  and  the  diameter  and  depth  of  the  shaft  should  ue 
recorded  on  the  monument  or  the  cover  itself.   Enclosures  may  be 
required  at  some  sites. 

Comparable  measures  at  an  adit  simply  comprise  walling- 
up  the  entrance,  or  fitting  it  with  a  strong  steel  door,  and 
securing  the  roof  against  intrusion  from  the  surface.   Provision 
for  drainage  and  gas  vent  pipes  may  be  required.   While  regular 
inspection  and  possibly  some  maintenance  may  be  necessary,  an 
enclosure  is  not  usually  required. 

4.    Caps 

Caps  are  intended  to  enable  shafts  to  be  permanently 
closed  with  little  risk  of  subsidence  at  the  surface  even  in  the 
event  of  the  loss  of  any  fill  or  the  collapse  of  the  shaft 
walling.   They  should  be  constructed  of  reinforced  concrete  and 
be  designed  to  carry  the  weight  of  the  overburden  and  a  uniformly 
distributed  superimposed  load  of  700  pounds  per  square  foot.   The 
length  of  side  (or  diameter)  of  a  cap  should  be  not  less  than 
twice  the  internal  diameter  of  the 'shaft  (or  twice  the  diagonal 
of  a  rectangular  shaft)  and  there  should  be  an  18-inch  minimum 
thickness  of  4,350  psi  concrete. 

Caps  should  be  founded  on  competent  material  or  solid 
rock  where  the  solid  rock  is  accessible  from  the  surface  (e.g., 
to  a  depth  of  approximately  20  feet)  (Figure  IX-8) . 
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Figure  IX-7 


Figure  IX-7 
Heavy  Duty  Shaft  Cover 


2D  Minimum 


Vent  Connection  Blanked 
Off  or  Fitted  With  Stand 
Pipe  and  Flame  Arrestor 
as  Required 


Monument  Minimum 
Height  3.0" 


1.0'    Minimum 


2.5'   Minimum 


!—  Concrete  Fill  to  Support  Cover 
Clear  of  Lining  and  Prevent 
Burrowing  to  Shaft  Wall 


Lining  Above  Bedrock 
to  Be  in  Satisfactory 
Structural  Condition 


Notes:  -     Cover  Designed  for  Superimposed  Load  of  700  Lbs./Ft-2 

-  Reinforced  Concrete  Slab  Strength  4350  psi.  Concrete  Minimum 
Thickness  1.0'. 

-  Cover  to  be  Marked  With  Shaft  Reference  Number  Diameter  and 
Depth,  and  Monument  to  be  Positioned  Centrally. 

Source:  National  Coal  Board  (U.K.) 
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Figure   IX-8 
Shaft  Cap,  Shallow  Bedrock 


If  Required.  Measures  to  Deal  With 
Gas  Can  Include  Sealant  Coatings  or 
Vent  Pipes  Fitted  With  Flame  Arrestors. 


Reinstated 
Ground 


1.5'   Min 
Slab  Thickness 


Bedrock  Under  Cap  to  be 
Secure  Otherwise  Shaft  to 
be  Strengthened  Internally 
By  Suspended  Plug  or 
Other  Means 

Shaft  As  Found,  Already 
Fitted  or  Shaft  to  Be 
Filled 


Cap  Positioned  to  Suit  Bedrock 
Levels  Down  to  20'  Below 
Ground  Level.  Not  to  Bear  on 
Shaft  Lining  -  Separated  By 
Compressible  Packing 


Notes:  -     Cap  Designed  for  Overburden  Plus  Superimposed  Load  of 
700   Lbs./Ft.2 

-  Reinforced  Concrete  Slab  Strength  4350  psi.  Concrete 
Minimum  Thickness  1.5'. 

-  Reinforcing  Bars  to  be  Not  Less  Than  1  5/8"  Diameter  and 
to  Have  Not  Less  Than  4  Inches  Cover. 

-  Cap  to  be  Marked  With  Shaft  Reference  Number.  Diameter 
and  Depth,  and  Position  of  Shaft  Centre. 


Source:  National  Coal  Board  (U.K. 
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If  rock  is  not  within  such  reach,  or  if  the  excavation 
would  be  difficult  (for  example  through  water  bearing  ground) , 
the  cap  can  be  founded  in  superficial  deposts  on  a  competent 
strata  accessible  from  the  surface  (Figure  IX-9) .   In  this  case, 
if  the  shaft  is  one  which  has  not  already  been  treated,  the  full 
shaft  treatment  should  incorporate  measures  which  either  preclude 
the  loss,  of  fill  or  strengthen  the  length  of  the.  shaft  throught 
the  superficial  deposits  (Figure  IX-9 (A) ) . 

If  the  shaft  has  been  treated  in  the  past,  the  fill  may 
be  strengthened  by  grouting,  or  excavated  to  bedrock  level  and 
replaced  with  grouted  hardcore  (Figure  IX-9(B)).   In  exceptional 
circumstances  where  the  above  measures  are  not  reasonably 
practicable,  it  may  be  possible  to  accept  the  risk  of  loss  of 
fill  if  the  ground  from  the  cap  down  to  the  bedrock  is  all 
reasonably  competent  and  failure  is  not  likely  to  cause  a  major 
disturbance  fo  the  site  (Figure  IX-9(C)).   Other  enginieering 
treatments  of  the  ground  outside  the  shaft  may  be  devised. 

If  production  of  gas  from  the  mine  is  expected,  a  vent 
pipe  fitted  with  a  flame  arrestor  should  be  provided  and,  if 
necessary,  the  site  should  be  enclosed  until  the  issue  ceases. 
If  the  gas  is  discovered  outside  the  shaft  lining,  grouting  may 
seal  it  off  or  force  it  into  the  interior  of  the  shaft  from  where 
it  can  be  vented.   In  some  cases,  a  sealant  coating  on  the  cap 
may  be  advantageous. 

The  cap  should  be  marked  with  the  reference  number  of 
the  shaft,  the  position  of  the  center  and  the  diameter  and  depth 
of  the  shaft.   Though  monuments  are  not  normally  necessary,  it 
may  be  appropriate  in  some  situations  to  mark  the  site  of  some 
shafts  permanently  with  a  decorative  or  other  feature. 

The  comparable  treatment  for  an  adit  would  be  a  plug, 
stopping  or  dam  as  described  below. 
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Figure  IX-9 


Figure  IX-9 
Shaft  Cap,  Deep  Bedrock 


Surface 


Surface 


Superficial 
Deposits 

Complete 
Grouted  Hardcore 


Cap  (See  Fig.  8) 
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Bedrock  and  Replace 
With  Grouted  Hardcore 


(A)  Untreated  Shaft 
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5.    Shaft  Plugs 

A  concrete  plug  placed  at  an  appropriate  position  within 
a  shaft  is  intended  to  prevent  the  loss  of  fill  and,  if  required, 
to  protect  underground  workings.   As  the  construction  of  plugs 
demands  internal  access  deep  into  the  shaft,  this  is  normally 
practicable  only  in  operational  shales  caout  to  be  abandoned. 
Plugs  which  must  be  watertight  require  the  concrete/ rock 
interface,  and  possibly  the  strata,  to  be  injected  with  grout. 

Figure  IX-10  illustrates  three  types  of  shaft  plugs  for 
horizontal  strata.   Figure  IX-10 (A)  shows  the  traditional  conical 
shape  where  the  load  is  carried  by  the  strata  in  direct 
compression.   The  volumes  of  excavation  and  concrete  needed  and, 
if  required,  rock  to  be  grouted  are  considerably  greater  than  for 
the  parallel  plug  (Figure  IX-10 (B) )  which  requires  little 
excavation  beyond  the  removal  of  the  lining  and  any  loose  rock. 
Under  vertical  loading  a  plug  shortens  in  length  and  expands 
laterally,  which  enables  the  plug  to  carry  considerably  higher 
loads  than  a  design  based  on  simple  shear  would  permit. 

Inset  plugs  (Figure  IX-10 (C) )  are  simple  to  construct 
but  care . is  necessary  to  ensure  that  security  is  obtained  at  the 
inset  roof/shaft  junction,  possibly  requiring  the  removal  of  the 
shaft  lining  in  this  area  and  an  extended  length  of  plug  up  the 
shaft. 


The  plugs  shown  in  Figure  IX-10  assume  horizontal 
strata;  dipping  strata  may  require  the  shapes  to  be  slightly 
modified  to  suit.   Shaft  plugs  require  the  design  and 
construction  of  a  substantial  bottom  form  which  must  withstand 
the  weight  and  pressure  of  the  wet  concrete  placed  on  top  of,  or 
against,  the  form.   A  preferred  design  would  be  the  use  of  steel 
beams  hitched  into  the  shaft  sidewalls,  decked  over  with  0.25 
inch  steel  plate.   Sand  bags  placed  around  the  edge  of  the 
rock/steel  plate  interface  will  prevent  the  loss  of  wet  concrete 
during  the  pouring  operation.   A  concrete  plug  should  be  poured 
in  one  continuous  operation  to  avoid  the  formation  of  latence  (a 
plane  of  weakness)  which  will  occur  at  the  top  of  intermittent 
pouring  operations. 
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Figuce  IX-10 


Figure   IX-10 
Shaft  Plugs 


x 


Grouting  if  Plug 
Required  to  be 
Watertight 


Bottom 
Form 


Open  Holes  for 
-  -  Drainage  Driven 
Radially 


Vent  or  Orainage  Pipes 
Grouted  Upon  Completion 


(A)  Conical  Plug 


Vent  or  Drainage  Pipes 
Grouted  Upon  Completion 


Lining  At  Junction 
Removed  If  Necessary 


(B)   Parallel  Plug 


V 


Form  Work  to 
Withstand  Weight  of 
Wet  Concrete 


Concrete  Raised  in  Shaft  to  Clear 
Broken  Ground  At  Junction.  Grouting 
As  Necessary 


B  Not  Less  Than  1/2  D) 


D  =  Shaft  Diameter 

B  ■  Plug  Inset  Into  Workings 


(C)  Inset  Plug 


Notes:  -   Length  (L)=D  Bui  Need  Not  Exceed  12  Feet. 

-  Concrete  Strength,  4350  psi.  Reinforced  As  Required. 

-  Ventilation  and  Drainage  Pipes  Provided  As  Necessary 
During  Construction. 

Source:  National  Coal  Board  (U.K.) 
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Plugs  may  incorporate  pipes  through  which  water  from  the 
upper  part  of  the  shaft  can  be  drained  into  the  workings  below 
during  construction.  The  drain  pipe  is  grouted  off  after  the 
drain  pipe  has  had  a  chance  to  cure  and  after  formation  and 
contact  grouting  has  been  completed.   Ventilation  is  an  important 
consideration . 

Shaft  plugs  should  normally  have  a  minimum  length  equal 
to  the  shaft  diameter.   Water  will  leak  extensively  past  an 
ungrouted  plug  unless  the  hydraulic  gradient  or  pressure  drop 
from  the  'wetside1  (top  of  plug),  to  the  'dry  side1  (bottom  of 
plug)  can  be  adjusted  by  proper  plug  length  and  pressure 
grouting.   If  the  plug  is  to  be  watertight  or  where  water  cannot 
be  permitted  to  flow  into  the  shaft  and  workings  below  the  plug, 
the  length  must  be  such  that  the  pressure  drop  should  not  exceed 
161  psi/ft.   The  factor  of  safety  for  the  hydraulic  gradient 
divided  by  the  plug  length  should  be  at  least  4.   If  the 
concrete/rock  interface  is  grouted  to  a  pressure  equal  to  twice 
the  head  of  water,  then  the  safe  pressure  drop  can  be  achieved. 

In  some  circumstances  it  may  be  necessary  to  design  a 
plug  for  possible  uplift  pressures  caused  by  water  from  the  mine 
rising  within  the  shaft. 

Plugs  whose  height/diameter  ratio  is  in  the  order  of  one 
do  not  generally  require  steel  reinforcement  except  across  the 
base  and  around  the  periphery.   But  if  watertightness  is 
critical,  consideration  should  be  given  to  including  nominal 
reinforcement  throughout  in  order  to  control  shrinkage  cracking. 
A  degree  of  watertightness  may  also  be  provided  by  a  clay  seal 
placed  on  top  of  the  concrete  plug. 

6.    Roadway  Stoppings  and  Dams 

Roadway  stoppings  and  dams  are  used  to  seal  adits.   If 
desired,  they  can  also  be  used  as  alternatives  to  shaft  plugs  in 
operational  mines  which  are  about  to  be  abandoned.   Figure  IX-11 
illustrates  the  use  of  chain  link  fence,  channel  iron  and  rock 
bolts  to  make  a  temporary  adit  closure  for  a  timbered  opening  and 
a  non-timbered  opening.   Figure  IX-12  illustrates  a  method  for 
permanent  adit  closure. 
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Figure  IX-11 


Figure  IX-11 
Temporary  Adit  Closure 


Typical  Timbered  Opening 


III >< 

o  \j  J 

Typical  Non-Timbered  Opening 

Source:  A.  Vance,  BLM  Utah 


Chain  Link  Fence  Sandwiched  Between 
Timber  Post  and  Rolled  Steel  Channel 
or  Angle.  Secure  With  5/8"  Lag  Screws. 
Tack  Weld  Lag  Screws  to  Steel  Channel 
or  Angle. 


Rock  Bolt  to  Sandwich  Chainlink  Fence 
Between  Floor  and  Steel  Channel. 
Rock  Bolts  or  Resin  Bolts  to  be  18  to  24 
Inches  Long. 


Chain  Link  Fence  Sandwiched 
Between  Channel  or  Angle  and 
Secured  With  Rock  Bolts. 


Not  to  Scale 
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Figure   IX-12 
Permanent  Adit  Closure 


Rock  Filled  Gabions  To  Act  As  Bulkhead  For 
Compacted  Backfill.  Bulkhead  tro  be  Placed 
In  By  the  Portal  to  a  Point  Where  the 
Overburden  is  at  Least  3h. 


Top  View 


Rock  Fill 


Not  to  Scale 


-V  .M        -  -  A  \  ■    •    > '    I    \    \\   <■  v  >  > 


A 


^ 


i 
3h-10h 


Earth  Fill  3h-10h 

to  Extend  In  to 

the  Seal.  Portal  to  be 

Backfilled  With  Rock  for 

a  Distance  of  h  From  the 

Entrance. 


Front  View 


Side  View 


Source:  Adapted  From  Drawing  by  A.  Vance,  BLM  Utah 
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Stoppings  are  intended  to  retain  only  solid  fill  ^^ 

material;  dams  to  retain  both  solids  and  water.   Stoppings  may  be 
constructed  of  hard  sandstone  from  the  mine  or  hardcore  or  rubble 
packed  tight  to  the  roof  and  sides  and  between  the  end  retaining 
walls.   In  level  roadways,  the  length  of  the  stopping  between  end 
wallr  should  be  not  less  than  three  times  the  roadway  height  or 
width,  wnicnever  is  greater,  at  depths  up  to  650  feet.   Over  650 
feet,  an  additional  length  of  0.1  times  the  roadway  height  or 
width  should  be  provided  for  each  additional  300-  feet  of  depth. 
In  dipping  roadways,  the  length  may  need  to  be  increased  by  up  to 
33  percent. 

Dams  should  be  designed  and  constructed  in  concrete  on 
the  same  basis  as  watertight  plugs  (Figure  IX-13) .   In  no  case 
should  their  length  be  less  than  the  roadway  height  or  width, 
whichever  is  greater.   The  permeability  of  the  rock  at  possible 
sites  for  dams  in  the  mine  roadways  near  the  shaft  is  likely  to 
be  high  and  large  quantities  of  grout  may  be  absorbed  in  ground 
injection.   It  may  therefore  be  preferable  to  use  the  combination 
of  a  dam  located  inby  with . a  stopping  at  the  shaft.   Where  access 
to  the  inby  side  of  a  dam  will  remain,  provision  should  be  made 
for  the  measurement  of  the  pressure  on  the  dam  face. 


In  addition  to  constructed  roadway  stoppings  and  dams, 
it  may  be  necessary  to  consider  the  structural  strength  and 
permeability  of  thin  rock  pillars  separating  a  roadway  or  shaft 
from  voids  capable  of  accepting  any  substantial  quantity  of 
material  should  the  pillar  fall. 
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Surface 


Portal  and  Entrance  Demolished. 
Ground  Reinstated  (See  Figure  IX-14) 


Brick  or 
Masonary  Facing 
Wall   (Optional) 


Concrete  Plug 


Stopping  or  Dam 
Grouted  as  Required. 
Roadway  Cleared  to 
Clean  Rock. 
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X.     REMOVAL  AND  RECLAMATION  OF  SURFACE 
IMPROVEMENTS 

A.  INTRODUCTION 

In  each  exploration,  mining  or  processing  operation,  some 
impacts  on  the  land  are  caused  by  improvements  such  as 
buildings,  storage  sheds,  plants,  water  tanks,  etc.   Complete 
reclamation  of  the  site  requires  removal  of  these  improvements 
unless  an  appropriate  secondary  use  is  anticipated  in  the 
reclamation  plan,  in  the  RMP  or  other  land-use  planning 
documents,  or  in  consultation  with  the  AO. 

B.  FACILITY  REMOVAL 

Provisions  should  be  included  in  each  reclamation  plan  to 
deal  with  removal  of  unnecessary  facilities  at  end  of  mine 
life.   Consider  the  following  when  addressing  the  reclamation 
of  such  improvements : 

1.  Identify  facilities  that  will  be  removed  or  retained 
during  period  of  interim  shutdown  and  any  facilities 
that  may  be  retained  upon  permanent  closure. 

2.  Identify  facilities  that  have  potential  to  create 
environmental  liability  or  problems  and  ensure  they 
meet  state  and  Federal  environmental  protection 
requirements.   These  may  include: 

-  fuel  tanks 

-  surface  storage  tanks 

chemical,  drilling  additive  and  explosive 

storage  areas 

shop  and  service  areas  (including  areas  where 

tires,  lubricants,  coolants,  etc.  may  have  been 

disposed) 

openings  to  underground  workings 

unused  machinery  and  equipment 

septic  systems 

contaminated  concrete  pads  and  building 

foundations,  and, 

transformers  (which  may  contain  PCBs) . 

Coordinate  with  BLM  Hazardous  Materials  coordinator  to 
ensure  proper  removal,  disposal,  and  necessary  remediation. 
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3.  Removal  of  underground  storage  tanks  (USTs)  must  be 
in  compliance  with  EPA  and  other  applicable  Federal, 
state,  and  local  regulations  at  the  earliest  feasible 
time.   Reclamation  and  remediation  of  the  site  should 
be  completed  in  accordance  with  applicable  EPA 
requirements  and  this  handbook.   Coordinate  with  BLM 
State  Office  or  District  Office  engineering  s'cafi*. 

4.  All  foundations  and  paving  associated  with  buildings 
and  facilities  to  be  removed  should  be  broken  up. 
Materials  found  to  be  in  conformance  with  State  and 
Federal  requirements  can  be  used  for  reclamation  fill 
material,  buried  onsite,  or  removed.   The  location  of 
the  materials  should  be  accurately  documented.   Any 
contaminated  materials  must  be  disposed  of  as 
necessary  under  applicable  State  and  Federal 
requirements.   The  disturbed  area  should  be  reclaimed 
in  accordance  with  all  the  applicable  sections  of 
this  handbook. 

C.  POWERLINES  AND  COMMUNICATION  LINES 

Reclamation  of  powerlines  and  communication  lines  in  some 
cases  comes  after  other  reclamation  has  been  accomplished.   To 
accomplish  reclamation  of  powerlines,  remove  all  towers,  poles, 
cable,  guy  wires,  and  anchors.   Reclaim  access  roads  and 
revegetate  in  accordance  with  Chapter  XII  of  this  handbook. 
Where  appropriate,  a  secondary  use  for  some  of  the  towers  or 
poles  would  be  for  raptor  nesting  or  roosting  sites.   This 
secondary  use  should  be  coordinated  with  the  BLM  biologist. 

D.  PIPELINES 

Where  pipelines  are  needed,  ensure  that  they  do  not  create 
unacceptable  risks  to  environmental  values.   Where  substantial 
environmental  or  human  risk  exists,  periodic  testing  should  be 
required,  and  malfunction  alarms,  and  automatic  block  valve 
shutdowns  should  be  installed. 

Pipelines  used  in  mineral  operations  vary  greatly  in  size 
and  material.   Surface  or  buried  pipelines  create  environmental 
impacts.   For  reclamation,  surface  pipelines  should  be  removed. 
Any  resulting  berm  or  unvegetated  areas  should  be  revegetated 
in  accordance  with  Chapter  XII  of  this  handbook. 
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Buried  pipelines  which  did  not  transport  hazardous 
materials  should  be  left  in  place  to  minimize  surface 
disturbance.   Consideration  should  be  given  possible  corrosion 
and  long-term  stability  of  all  pipelines  left  in  place. 
Failure  or  collapse  of  the  pipeline  could  create  subsidence  and 
erosion  problems.   Access  to  the  pipeline  should  be  closed  to 
eliminate  hazards  to  birds  and  other  small  animals,  and  for 
large  pipelines,  to  people  and  larger  animals. 

If  a  pipeline  was  used  to  transport  hazardous  materials, 
it  must  be  cleaned  and  detoxified.   The  cleaning  material  must 
be  disposed  of  properly  and  in  accordance  with  existing 
regulations.   An  effort  such  as  this  should  be  conducted  with 
the  assistance  of  the  appropriate  BLM  hazardous  materials 
coordinator.   The  pipeline  may  then  be  removed,  or  if  buried, 
left  in  place. 
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XL  LANDFORM  RECLAMATION 

A.  INTRODUCTION 

Shaping,  grading,  erosion  control,  and  visual  impact 
mitigation  of  an  affected  site  are  important  considerations 
during  review  of  the  reclamation  plan.   The  review  process  not 
only  ensures  that  the  topography  of  the  reclaimed  lands  blend 
in  as  much  as  possible  with  the  surrounding  land  forms,  natural 
drainage  patterns,  and  visual  contrasts,  but  also  enhances  the 
success  of  revegetation.   The  principles  and  standards 
presented  in  this  section  of  the  handbook  should  be  used  in 
close  conjunction  with  the  sections  on  hydrology  and 
revegetation . 

B.  SHAPING,  GRADING,  AND  EROSION  CONTROL 

The  final  land  form  should: 
be  mechanically  stable 
promote  successful  revegetation 
prevent  wind  and  water  erosion 

be  hydrologically  compatible  with  the  surrounding 
landforms,  and 
be  visually  compatible  with  the  surrounding  landforms 

The  operator  should  not  steepen  slopes  unnecessarily 
during  the  shaping  process.   Steep  slopes  are  difficult  to 
traverse  with  revegetation  equipment  and  are  highly  susceptible 
to  erosion,  slumping,  and  landslides.   Where  practical, 
consider  shaping  the  disturbance  to  a  3:1  slope  (H:V)  or 
flatter  to  enhance  the  success  of  revegetation.   The  angle  and 
length  of  slopes  can  adversely  affect  the  run-off  velocity  and 
increase  erosion. 

Final  waste  dump  grading  prepares  the  spoils  for  topsoil 
application  and  the  grading  work  is  usually  accomplished  using 
dozers,  scrapers,  or  similar  earth-moving  equipment.   Deep  rip 
the  shaped  site  prior  to  application  of  the  topsoil  or  other 
suitable  growth  medium  to  eliminate  compaction,  to  increase 
infiltration,  and  to  provide  for  water  retention  reservoirs. 
Compaction  of  the  wastes  under  the  topsoil  can  cause  problems 
even  if  the  topsoil  bed  is  loose.   Plants  that  root  in  loose 
topsoil  but  can  not  penetrate  the  spoils  under  the  topsoil,  can 
be  subject  to  soil-induced  moisture  or  physical  stress.   Always 
rip  on  the  contour  to  reduce  the  effects  of  surface  run-off 
erosion. 
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Where  large  waste  embankments  are  involved,  see  Chapter 
VIII  on  Mine  Waste  Management  for  more  detail.   Depressions 
which  will  accumulate  surface  water  on  the  top  surface  of  waste 
dumps  or  benches  should  be  avoided  unless  they  are  planned  as  a 
part  of  meeting  reclamation  objectives.   Accumulated  water 
which  is  not  planned  for  can  supersaturate  the  wastes  and  cause 
slumping  or  dump  failures  and  piping.   The  top  surfaces  of 
waste  dumps,  or  other  elevated  flat  portions  of  mined  out  areas 
should  be  graded  inward  from  the  outer  rim  toward  drainage 
channels  to  limit  overflow  of  the  rim.   See  Figure  XI-1. 

Reapply  topsoil,  selected  subsoil,  or  other  suitable 
growth  media  to  the  shaped  surface  per  the  guidelines  outlined 
under  the  Section  on  Topsoil  Salvage  and  Reapplication  and 
smooth  or  grade  the  growth  medium  to  meet  the  reclamation 
requirements . 

1.   Shaping  and  Grading  Checklist 

The  mine  operator,  and  if  possible,  the  equipment 
operator  should  be  included  in  discussion  on  reshaping,  which 
addresses : 

a.  Save  topsoil  or  other  suitable  growth  media  to 
respread  after  shaping. 

b.  Determine  what  landform  is  most  desirable  to  meet 
post-mining  land  use;  evaluate  angle  of  repose 
versus  3h:lv  slopes,  etc.   Flatter  is  not  always 
better;  length  of  slope  affects  water  velocity, 
erosion,  and  infiltration.   Terracing  and  benching 
may  be  used  to  limit  the  length  and  angle  of  the 
slope  and  thus  enhance  the  chances  of  revegetation 
success. 


c. 

d. 


Reshape  to  a  visually  compatible  contour. 


Do  not  steepen  slopes  in  shaping, 
slope  failure. 


This  may  cause 


Do  not  create  ponds  or  depressions  that  will 
accumulate  surface  water  unless  they  are  planned 
and  engineered  for  a  specific  purpose  which  is 
compatible  with  ultimate  reclamation  goals. 

Leave  graded  surfaces  somewhat  roughened  to  trap 
seed,  slow  runoff,  and  provide  favorable 
micro-climates  for  revegetation. 
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Figure  Xl-1 
Top  of  Waste  Dump  Configuration 


Furrow  Ditch 
to  Divert  Water 


■;•', ''.TTrrt-"-  Original  :•■;•'.'•• 
'.- : •.; ' :': . Ground  Surface '. 
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g.   Provide  for  internal  and  external  drainage  of 
treated  areas. 

h.   Consider  long-term  mass  stability  and  safety 

requirements.  Where  large  tailings  sites  or  waste 
embankments  are  involved,  get  review  and  input 
from  a  geotechnical  engineer.   Characteristics  of 
material  and  types  of  equipment  need  to  be 
considered. 

i.   Be  aware  that  large  dozers  can  push  fill  material 
uphill  on  a  4  0-percent  slope;  beyond  40  percent 
their  efficiency  is  very  limited.   See 
Figure  XI-2. 

C.   PIT  BACKFILLING 

Pit  backfilling  provides  an  effective  means  for 
reclamation  of  the  disturbed  lands  to  a  productive  post-mining 
land  use.   However,  development  of  some  commodities  and  deposit 
types  may  not  be  compatible  with  pit  backfilling. 
Additionally,  some  waste  material  is  not  suitable  for  use  as 
backfilling  material. 

The  reclamation  plan  should  describe  in  detail  the 
proposed  backfilling  procedures.   Pit  backfilling,  where 
technologically  and  economically  feasible,  should  be  planned 
for  the  purposes  of  establishment  of  the  contour  of  the  land 
consistent  with  the  proposed  post-mining  land  uses  and 
reduction  of  visual  impacts.   While  pit  backfilling  may  satisfy 
the  post-mining  land  use  and  long-term  visual  impacts, 
backfilling  to  original  contour  may  be  impossible  or 
undesireable.   Visual  and  land  use  concerns  may  be  satisfied  by 
shaping  of  the  backfilled  material.   The  reclamation  plan 
should  address  the  mitigation  of  unique  impacts  such  as  re- 
establishing big  game  migration  routes  and  the  development  of 
features  which  enhance  wildlife  habitat. 

Reclamation  of  pits  can  occur  either  concurrently  with 
mining  or  upon  completion  of  the  mining  phase  of  the  operation. 
Pit  reclamation  can  result  in  complete  pit  backfilling,  partial 
pit  backfilling  (including  scree  slope  backfilling) ,  highwall 
slope  reduction,  or  a  combination  of  these.   The  method  chosen 
for  pit  reclamation  is  based  upon  the  long-term  land  use 
planning  goals  for  the  area,  the  mitigation  of  long-term 
environmental  impacts,  and  the  associated  need  to  reduce 
off site  impacts  associated  with  waste  and  tailings  disposal. 
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Figure  XI-2 
Equipment  Slope  Workab:"tr  Orapb 
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The  reclamation  plan  should  describe  in  detail  the 
proposed  backfilling  procedures.   Concurrent  pit  backfilling 
can  be  considered  as  a  means  to  accommodate  backfilling  to  pits 
during  the  operational  life  of  a  mine.   The  purpose  of  this 
mitigation  measure  is  to  backfill  as  much  material  as  possible 
in  conjunction  with  project  activities,  reduce  the  size  of 
overburden  piles,  and  reconstruct  some  wildlifc--.habitat  in  the 
area  of  the  mine  pits.   This  method  for  backfilling  is 
generally  employed  at  sites  which  have  multiple  pits. 

A  method  of  partial  pit  backfilling  developed  in  an  effort 
to  accommodate  some  pit  backfilling  without  covering  the 
potential  future  ore  resources  is  scree  slope  backfilling.   The 
primary  objective  in  this  approach  is  to  conceal  mining 
excavations  (principally  the  upper  portions  of  pit  walls)  from 
visibility. 

1.   Special  Considerations  for  Open  Pit  Mining 

Open  pit  mine  optimization  is  achieved  by  extending 
the  pit  to  the  point  where  the  cost  of  removing  overlying 
volumes  of  unmineralized  "waste"  rock  just  equal  the  revenues 
(including  profit)  from  the  ore  being  mined  in  the  walls  and 
bottom  of  the  pit.   Because  there  is  usually  mineralization 
remaining,  favorable  changes  in  an.  economic  factor  (such  as  an 
increase  in  the  price  of  the  commodity  or  new  technology 
resulting  in  a  reduced  operating  cost)  can  result  in  a 
condition  where  mining  can  be  expanded,  or  resumed  at  a  future 
time.   This  economically  determined  pit  configuration  is 
typical  of  the  open  pit  metal  mining  industry  and  is  of 
critical  importance  in  efforts  to  maximize  the  recovery  of  the 
mineral  resource. 

Figure  XI-3  illustrates  the  "conical"  configuration 
typically  used  in  open  pit  mining.   To  recover  all  the  known 
ore  reserves  the  entire  pit  must  remain  exposed  through 
progressively  deeper  cuts.   Backfilling  can  not  begin  until  the 
ore  reserves  within  the  specific  pit  are  depleted  at  the 
conclusion  of  mining. 

Surface  strip  mining  can  often  accommodate  backfilling 
because  the  reserves  usually  occur  in  the  form  of  a  flat-lying 
bed,  at  shallow  depth  over  a  large  spatial  area.   See  Figure 
XI-4.   Accordingly  there  is  no  need  to  stockpile  and  rehandle 
the  excavated  material,  except  during  the  first  cuts.   Under 
certain  circumstances,  where  multiple  pits  are  being 
sequentially  excavated,  it  is  feasible  to  backfill  one 
mined-out  pit  concurrently  with  mining  of  a  subsequent  pit. 
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Figure  XI-3 
Typical  Open  Pit  Mine 
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2 .  Technical  and  Operational  Aspects  of  Pit  Backfilling 

Once  an  open  pit  has  been  mined,  it  is  generally  not 
possible  to  replace  all  the  material  excavated  from  the  pit,  or 
to  restore  the  land  surface  to  its  former  condition,  due  to 
physical  constraints.   Broken  rock  occupies  a  much  greater 
volume  than  solid  rock.   As  a  result  of  this  expansion  or 
"swell  factor",  all  of  the  rock  that  has  been  broken  and 
removed  from  a  pit  during  mining  will  not  fit  back  into  the 
pit.   As  explained  by  the  National  Research  Council  in  its 
report  on  surface  mining  of  non-coal  minerals: 

o  "...waste  and  tailings  resulting  from  mining  and 

processing  expand  an  average  of  about  3  0  to  40  percent, 
_  and  very  few  mines  take  out  enough  ore  to  leave  space  in 
the  mine  workings  to  backfill  all  waste  and  tailings. 
Thus,  even  if  the  huge  cost  of  backfilling  were  incurred, 
waste  and  tailings  would  still  remain  on  the  surface  at 
many  mines. .." (NRC,  1979) 

3.  Environmental  Effects  of  Pit  Backfilling 

Since  backfilling  procedures  involve  activities 
associated  with  mining  (loading,  hauling,  and  dumping- of 
materials),  the  types  of  impacts  from  this  are  similar  to  those 
which  occur  during  mining.   Proper  backfilling  materials 
handling  and  placement  is  dependent  upon  chemical  and  physical 
material  characteristics  and  site-specific  considerations. 
Depending  upon  the  size  of  the  open  pit,  backfilling  can  extend 
the  duration  of  operations  from  a  few  months  to  several  years. 
The  potential  unavoidable  impacts  of  pit  backfilling  are 
summarized  as  follows. 

4.  Effects  of  Complete  Pit  Backfilling 

The  primary  change  from  a  mining  operation  that  does 
not  include  backfilling  to  one  which  includes  complete 
backfilling  is  the  extended  duration  of  this  project's  effects. 
The  benefit  of  complete  pit  backfilling  is  that  the  final 
landform  will  most  closely  approximate  the  pre-disturbance 
conditions . 
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5.   Effects  of  Scree  Slope  Backfilling 

The  primary  objective  of  this  alternative  is  to 
conceal  mining  excavations  that  would  otherwise  be  visible  from 
lower  view  points.   See  Figure  XI-5.   In  areas  where  the 
toponraphy  surrounding  the  pits  is  steep,  scree  slope 
backfilling  requires  additional  ground  disturbance.   Therefore, 
wildlife  habitat  is  impacted  because  of  the  need  to  construct 
haul  roads  to  the  top  of  the  pit  high  walls. 

6.   Effects  of  Concurrent  Pit  Backfilling 

This  method  is  suggested  as  means  to  accommodate 
backfilling  of  multiple  mine  pits  concurrently  during  the 
operational  life  of  the  project.   This  alternative  can  reduce 
the  size  of  the  overburden  piles  and  reconstruct  some  wildlife 
habitat  in  the  area  of  the  mine  pits.   In  most  cases  this 
alternative  results  in  no  significant  increase  or  decrease  in 
environmental  impacts  when  compared  to  the  alternative  of  not 
backfilling  the  pits. 

Concurrent  pit  backfilling  generally  can  not  be  used 
if  material  from  different  pits  must  be  simultaneously  mined 
and  blended  to  meet  mill  feed  head  requirements.   Also,  the 
second  pit  must  be  developed  for  production  far  enough  in 
advance  so  that  ore  from. the  initial  pit  can  sustain  the 
operation  until  the  second  pit  is  capable  of  supplying  all  the 
ore  needed  for  the  process  plant. 

D.   HIGHWALLS 

Final  highwall  configuration,  including  consideration  of 
overall  slope  angle,  bench  width,  bench  height,  etc.,  should  be 
determined  during  the  review  of  the  plan.   The  maximum  height 
of  the  highwall  should  be  determined  using  site-specific 
parameters  such  as  rock  type  and  morphology.   In  most  cases, 
the  maximum  height  is  regulated  by  various  State  agencies. 

1.   Reclamation 

The  normal  procedures  are  to  either  leave  the  exposed 
highwall  or  to  backfill  and  bury  the  highwall  either  totally  or 
partially.   It  is  important  that  the  backfill  requirements  be 
determined  during  the  plan  review  process  and  included  in  the 
approved  plan.   Some  overall  guidance  for  highwall  reclamation 
follows. 


A  lit 
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Figure  XI-5 
Scree  Slope  Backfilling 
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a.  Shape  partially  exposed  highwalls  (above  the 
backfill)  when  practical.   See  Figure  XI-6. 

b.  Blasting  down  the  exposed  highwall  is  a  practice 
not  generally  recommended.   Under  certain 
conditions  blasting  could  result  in  an 
unacceptable  increase  in  the  surface  disturbance. 
Therefore,  the  impacts  ol  blasting  down  highwalls 
should  be  carefully  scrutinized. 

c.  Where  the  exposed  highwall  exhibits  a  low  profile, 
can  be  safely  worked,  and  consists  of  soil 
materials  capable  of  supporting  plant  life,  it  may 
be  possible  to  hydromulch  the  exposed  highwall 
using  a  slurry  of  water,  seed,  fertilizer, 
biodegradable  fibers,  and  a  tackifier  to  keep  the 
mulching  in  place. 

d.  Steep  highwalls  (exceeding  3:1  (H:V))  should  be 
benched  to  provide  a  stable  slope.   This  has  the 
additional  benefit  of  creating  a  niche  for 
vegetation  and  provides  nesting  areas  for  birds. 

e.  Benching  near  the  top  and  rounding  the  edge  back 
will  provide  a  safety  feature  by  reducing  the 
distance  of  and  the  chance  of  falling. 

f .  Appropriate  fencing  or  berming  at  the  top  of  the 
highwall  is  necessary  to  abate  some  of  the  hazards 
to  people  and  animals. 
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PRINCIPLES  OF  HIGH  ELEVATION 
ECOSYSTEM  RESTORATION  AND  REVEGETATION 

Ray  W.  Brown 

Project  Leader,  Reclamation  of  Disturbed  Lands  research  work  unit,  USDA  Forest  Service, 
Intermountain  Research  Station,  Forestry  Sciences  Laboratory,  Logan,  Utah  84321  (Phone: 
801-752-1311;  FAX:  801-753-8625;  DG:S22L06A) 


An  abbreviated  description  of  the  principles  of  ecosystem  restoration  and  revegetation 
of  severe  high  elevation  disturbances  in  the  western  U.S.  is  outlined.   The  term  "high 
elevation"  is  defined  here  not  so  much  as  a  quantitative  term,  but  rather  in  terms  of  ecosystem 
distribution  and  refers  specifically  to  classical  subalpine  and  alpine  regions.   In  a  practical 
application  sense,  however,  these  principles  are  applicable  at  all  elevations  and  in  virtually  all 
ecosystems  in  the  Intermountain  and  Northern  Rocky  Mountain  regions. 

The  principles  outlined  here  (listed  in  approximate  order  of  application)  are  intended 
primarily  as  a  guide,  and  hence  should  be  interpreted  in  the  broadest  sense.   In  practical 
terms,  these  principles  apply  to  the  restoration  of  disturbed  land  when  the  following 
conditions  and  assumptions  are  made: 

A.        The  disturbance  is  severe  (e.g.,  original  native  vegetation  and  natural  soil  have 
been  destroyed).   Disturbed  sites  are  considered  critical  when  sufficient  areas  of 
bare  soil  or  geologic  material  are  exposed  that  result  in  soil  erosion  and 

sedimentation. 

1.  The  degree  of  seriousness  is  heightened  on  sites  with  steep  unstable 
slopes  (landslides,  mass-wasting)  where  hydrology  and  ground  waters 
are  disrupted,  and  on  sites  containing  undesirable  chemicals  such  as 
metal  sulfides  or  salts. 

2.  Chemical  mobility,  erosion,  and  sedimentation  threaten  water  quality  of 
surface  and  ground  waters,  down-slope  plant  communities,  aquatic  and 
wildlife  habitat,  aesthetics,  and  minimize  colonization  and  successional 
development  on  disturbed  soil  materials. 

B.         The  primary  objectives  of  restoration  and  revegetation  include  the  following: 

1 

1 .  Restoration  of  watershed  values,  including  water  quality  and  site 

productivity  by  minimizing  erosion  and  sedimentation  through  the 
establishment  of  a  protective  plant  cover. 
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2.  Revegetation  is  intended  to  ultimately  restore  the  native  plant 

community  as  nearly  as  possible  (e.g.,  replacement  of  plant  species 
composition,  species  richness,  and  species  and  lifeform  diversity) 
through  the  application  of  ameliorative  practices,  soil  development,  and 
long-term  succession. 


FACTORS  LIMITING  REVEGETATION  OF  HIGH  ELEVATION  ECOSYSTEMS 

Among  the  major  factors  limiting  the  successful  restoration  and  revegetation  of 
disturbed  high  elevation  ecosystems,  climatic  variables  and  soil  properties  are  among  the  most 
important 

A-        Limiting  climatic  factors: 

1.  Short,  cool  growing  seasons;  typically  the  growing  season  ranges  from 
45  to  less  than  90  days  in  length  at  the  highest  elevations,  with  cool 
summer  temperatures  averaging  about  10°C,  but  often  falling  below  0°C. 

2.  Frost  and  needle-ice  formation  occur  throughout  the  growing  season, 
especially  during  early  cloudless  mornings  following  precipitation 
events  which  can  uproot  seedlings  and  contribute  to  soil  erosion. 

3.  Abrupt  and  unnatural  topographic  features  (e.g.,  mine  spoil  piles,  road 
cuts,  etc.)  can  affect  distribution  of  effective  precipitation  such  as  snow 
accumulation  and  spring  melt  patterns,  as  well  as  summer  precipitation. 

4.  High  and  variable  winds  can  be  detrimental  to  plant  growth  and 
development  on  exposed  slopes,  can  cause  significant  erosion  of  soil 
fines  and  the  re-distribution  of  seeds,  and  can  accentuate  evaporation  of 
soil  water. 

5.  Solar  radiation  flux  densities  at  high  elevations  can  be  limiting  to  poorly 
adapted  plant  species,  and  may  contribute  to  excessive  evaporation  of 
soil  and  plant  water  on  disturbances. 

B.         Limiting  soil  factors: 

1.  Disturbances  at  high  elevations  often  expose  pyritic  materials  that  cause 
soil  acidity. 

2.  Acid  spoils  often  contain  toxic  concentrations  of  metals  and  other 
chemicals  that  limit  plant  establishment  and  growth  and  degrade  water 
quality  of  runoff  waters. 


3.  Exposed  subsoil  materials  and  acid  mine  spoils  are  deficient  in  essential 
plant  nutrients. 

4.  Subsoil  and  parent  materials  may  have  high  rock  contents  that  limit  soil 
water  and  nutrient  holding  capacities. 

5.  Unvegetated  subsoil  materials  and  mine  spoil  may  be  highly  erodible, 
subject  to  rilling,  overland  flow,  and  mass  wasting. 


PRINCIPLES  OF  HIGH  ELEVATION  RESTORATION  AND  REVEGETATTON 


L         RETAIN  NATURALLY  DEVELOPED  SOIL  FOR  RE-APPLICATION. 

The  natural  developed  soil  from  the  rooting  zone  of  the  original  plant  community 
should  be  retained,  stockpiled,  and  later  re-applied  over  the  disturbance  to  enhance  and 
improve  restoration  of  plant  communities. 

Although  natural  soils  are  highly  variable  and  have  unequal  nutrient  stores,  organic 
matter  contents,  water  holding  capacities,  and  other  characteristics,  the  overall  properties  of 
developed  soils  favor  plant  establishment  and  growth  far  more  than  undeveloped  subsoils  and 
other  materials. 

Soils  can  be  stockpiled  temporarily  before  re-spreading  and  should  be  protected  from 
wind  and  water  erosion.  Although  long-term  stockpiling  may  result  in  the  loss  of  many 
nutrients  and  favorable  microorganisms,  the  other  favorable  characteristics  of  natural  soil 
(including  textural  properties)  justify  the  practice  because  it  greatly  improves  chances  of 
restoration  success.   Avoid  saving  soil  and  subsoil  materials  that  contain  phytoxic  chemicals; 
these  should  be  buried. 

The  optimum  replacement  depth  of  naturals  soil  is  dependent  upon  soil  availability, 
area  to  be  covered,  chemical  and  physical  properties  of  the  disturbed  materials  to  be  covered, 
and  the  requirements  of  the  plant  species  to  be  used  in  revegetation.   Generally,  there  are  no 
quantitative  and  reliable  guides  for  all  conditions  and  plant  species,  but  the  greater  the  depth 
of  re-spread  natural  soil  the  better  (some  is  always  better  than  none!). 

2.         SHAPE  AND  CONTOUR  DISTURBED  SITES  TO  APPROXIMATE  THE 
ORIGINAL  NATURAL  CONDITIONS. 

Shaping  and  contouring  is  the  process  of  modifying  limiting  topographic  conditions 
such  as  steep  unstable  slopes.   The  topography  of  the  surrounding  ecosystem,  or  reference 
area,  should  be  used  as  a  guide  in  an  attempt  to: 
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A.  Reduce  erosion  due  to  water  and  wind,  sedimentation,  water  ponding,  and 
runoff  by  reducing  slope  steepness  and  unnatural  topographic  irregularities. 

B.  Bury,  re-distribute,  or  cover  toxic  materials  (identified  by  soil  analyses  in  3., 
below). 

C.  Expose  most  favorable  growing  medium  available  (e.g.,  covering  with  topsoil  if 
available  as  in  1.,  above;  ripping  if  site  is  compacted;  etc.). 

D.  Provide  a  revegetation  surface  that  optimizes  seed  trapping  and  safe-sites,  and 
that  maximizes  plant  establishment  and  growth. 


3.         ANALYZE  PHYSICAL  AND  CHEMICAL  CHARACTERISTICS  OF  THE  SOIL. 

Soil  properties  should  be  analyzed  before  restoration  or  revegetation  to  identify 
limiting  chemical  or  physical  characteristics.   Revegetation  techniques,  including  the  use  of 
soil  amendments  (see  4,  below),  are  designed  to  ameliorate  these  limiting  conditions  to  plant 
establishment  and  growth. 

Several  soil  samples  representative  of  the  rooting  zone  from  the  various  slopes, 
aspects,  and  other  variables  characterizing  the  entire  disturbance  should  be  collected.   Each 
sample  should  contain  about  0.5  kg  (1  lb)  of  soil  and  should  stored  in  paper  sacks  and 
labeled.   These  should  be  sent  to  a  reputable  soil  testing  laboratory  for  analyses  of  major 
nutrients  (e.g.,  N,  P,  K),  pH,  potentially  toxic  chemicals,  and  other  properties  that  may  be 
limiting  to  plant  establishment  and  growth,  or  that  may  impact  water  quality  of  runoff  from 
the  site. 

The  specific  soil  properties  to  be  analyzed  vary  widely  with  each  soil  type,  location, 
and  other  site  conditions.    Consult  soil  and  plant  scientists  if  in  doubt,  but  analyses  should 
reflect  the  full  range  of  conditions  potentially  impacting  plant  growth  and  development. 
Interpretation  of  these  data  may  also  require  consultation  with  appropriate  experts. 


4.         APPLY  AMENDMENTS  TO  AMELIORATE  LIMITING  SOD1  CONDITIONS. 

Soil  amendments  are  used  in.  restoration  and  revegetation  to  ameliorate  or  modify 
limiting  soil  conditions  and  properties  prior  to  seeding  and  planting.    Such  additions  include 
fertilizer  for  nutrient  enhancement,  incorporating  lime  to  raise  the  pH  of  acid  soils,  and 
incorporating  organic  matter  to  improve  aeration,  and  water  and  nutrient  holding  capabilities. 
Amendments  are  suggested  by  the  interpretation  of  soil  analyses  data  collected  in  3,  above. 
Specifically,  implementation  of  these  amendments  should  consider  the  following: 


In  acid  soils  and  spoils  with  pH  lower  than  about  5,  lime  should  be 
incorporated  to  a  depth  of  at  least  6  to  12  inches  (15  -  30  cm)  (deep  liming  to 
2  ft.+  [60+  cm]  may  encourage  deeper  rooting)  at  a  sufficient  rate  (based  on  3, 
above)  to  raise  pH  to  at  least  5.5  to  6.0.   This  practice  accomplishes  the 
following: 


'O' 


1.  Lowers  the  availability  of  metals  and  other  potentially  toxic  chemicals. 

2.  Increases  the  availability  of  essential  nutrients. 

B.  Incorporation  of  organic  matter  such  as  manure,  peat  moss,  or  similar  materials 
to  the  same  depth  as  lime  is  useful  for  achieving  the  following: 

1.  Improve  water  and  nutrient  holding  capacity  of  soil  or  spoil. 

2.  Improve  the  physical  properties  of  soil  (e.g.,  compaction,  aeration,  etc.). 

3.  Complexing  metals  (e.g.,  AL  Cu,  etc.). 

C.  Fertilizing  is  used  primarily  to  enhance  macronutrient  (e.g.,  N,  P,  and  K) 
availability,  but  can  also  be  used  to  supplement  other  nutrient  deficiencies  (e.g., 
micronutrients,  as  detected  in  the  soil  analyses  in  3,  above).   In  the  initial 
revegetation  installation  it  is  usually  recommended  that  granular  (or  so-called 
"slow-release")  fertilizers  be  used  and  incorporated  in  the  upper  6  to  12  inches 
(15-30  cm).   Subsequent  applications  can  be  surface  applied. 

1.  Some  nutrients  may  be  highly  mobile  (e.g.,  N),  and  may  require  re- 
applications  periodically  (yearly)  following  installation  until  vegetation 
becomes  established  and  nutrient  cycling  can  sustain  vegetation 
development  over  time. 

2.  Other  nutrients  are  relatively  immobile  (e.g.,  P),  but  may  require 
periodic  re-application  as  well. 

3.  Initial  fertilizer  treatments  are  most  effective  for  seedling  emergence 
and  development,  but  do  not  appear  to  affect  seed  germination.   A 
balanced  fertilizer  of  equal  proportions  of  N,  P,  and  K  (e.g.,  16-16-16) 
applied  at  equivalent  rate  of  about  100  lbs  N  ac"1  (1 12  kg  N  ha"1)  is 
frequently  recommended  for  initial  application  rates. 

4.  The  relative  ratio  of  macronutrients  in  re-applications  of  fertilizer  in 
subsequent  years  should  reflect  differing  physiological  and 
developmental  demands  of  the  plants:  e.g.,   floral  and  rooting  behavior 
may  be  enhanced  by  increasing  rates  of  P  relative  to  N  (e.g.,  15-40-5). 


SELECTION  OF  ADAPTED  PLANT  SPECIES. 


One  of  the  most  important  steps  toward  successful  restoration  and  revegetation  of 
disturbed  ecosystems  is  the  selection  of  adapted  plant  species.    Species  are  considered 
"adapted"  if  they  are  capable  of  completing  their  entire  life  cycle  (germination  -  emergence  - 
seedling  development  -  maturity  -  flowering  -  dispersal  of  viable  seeds)  under  the  range  of 
conditions  that  characterize  a  site.    Although  revegetation  treatments  (e.g.,  see  other 
principles)  can  modify  some  site  conditions,  it  may  not  be  possible  to  influence  others  (e.g., 
climatic  conditions).   Because  the  total  pool  of  physiologically  adapted  plant  species 
diminishes  as  environmental  severity  increases  (Figure  1),  the  following  steps  may  be  critical: 

A.  Successful  selection  of  plant  species  and  ecotypes  requires  a  knowledge  of 
germination  and  growth  requirements  of  adapted  species. 

B.  Observe  and  study  natural  plant  succession  on  the  disturbed  sites  or  other 
adjacent  disturbances  near  target  site.   Note  species  and  lifeforms  that  have 
colonized  and  successfully  have  become  established  on  disturbances  including 
grasses,  forbs,  shrubs,  etc. 

C         Criteria  for  species  selection  include: 

1.  Select  a  range  of  species  of  various  lifeforms  (grasses,  forbs,  shrubs, 
etc.)  with  various  ecological  and  physiological  traits,  including  early 
colonizers  and  later  serai  species.   Include  both  high  growth  rate  -  high 
nutrient  adapted  species  (e.g.,  most  grasses)  and  low  growth  rate  -  low 
nutrient  adapted  species  (e.g.,  many  forbs  and  shrubs)  in  the  mixture  if 
possible. 

2.  Characteristics  of  adapted  early  serai  colonizers: 

a.  Broad  ecological  and  physiological  amplitude  (e.g.,  widely 
distributed  in  geographic  area). 

b.  May  be  capable  of  both  low  and  high  ("luxury  consumption") 
nutrient:  conditions. 

c.  Often  have  large  seed  production  capabilities. 

d.  Effective  seed  dispersal  mechanisms. 

e.  High  seed  germination  percentages. 

f.  High  rates  of  growth  and  development. 

g.  Tolerant  of  acidity  and  other  environmental  stresses, 
h.  Often  poor  competitors. 

i.  Low  root:total  plant  biomass  ratios. 

3.  Characteristics  of  adapted  late  serai  species: 

a.  Narrow  ecological  and  physiological  amplitudes. 


b.  Usually  have  low  nutrient  requirements. 

c.  Commonly  low  production  of  large  sized  seeds. 

d.  Low  seed  dispersal  capabilities. 

e.  Low,  often  inconsistent  seed  gennination. 

f.  Low  rates  of  growth  and  development. 

g.  Relatively  lower  tolerance  to  environmental  stresses  and  acidity, 
h.  Highly  competitive. 

i.  High  rootrtotal  plant  biomass  ratio. 

D.  Collect  seeds  of  most  favorable  species  as  they  mature  on  the  plant  (usually 
fall),  including  all  major  lifeforms  (grasses,  forbs,  shrubs,  etc.). 

1.  Collect  seeds  of  each  species  separately. 

2.  Collect  a  variety  of  species  to  be  used  in  a  mixture. 

3.  Clean  seeds  and  store  in  cool  dry  place. 

E.  Alternatively,  seeds  of  many  species  are  available  commercially,  and  may  be 
purchased  if  genetically  compatible  with  those  observed  on-site. 

1.  Verify  reputation  of  commercial  dealer. 

2.  Verify  collection  source,  adaptability,  and  genetic  compatibility  of 
ecotype  or  population  purchased. 

F.  Consult  with  local  county  agents,  Forest  Service,  SCS,  or  others  knowledgeable 
about  adapted  plant  species  in  area. 


6.         SCHEDULE  RESTORATION  AND  REVEGETATION  INSTALLATION 
DURING  THE  FALL  SEASON. 

The  timing  of  revegetation  installation  should  be  determined  by  the  phenological 
characteristics  of  the  plant  species  used  rather  than  unreliable  and  unpredictable  climatic 
patterns  and  events.   For  most  ecosystems  within  the  Intermountain  and  Rocky  Mountain 
regions,  the  fall  of  the  year  is  recommended  as  the  most  important  period  for  revegetation 
installation  for  the  following  reasons: 

A.         Fall  coincides  with  the  period  when  the  seed  of  most  native  plant  species 
matures  and  is  dispersed. 


B.  Revegetation  in  late  fall  insures  that  seed  will  'be  in-place  during  snowfall  and 
throughout  the  winter. 

C.  Seeds  will  experience  normal  dormancy  during  winter  months. 

D.  Seeds  will  be  in-place  during  spring  snowmelt  and  when  conditions  are 
optimum  for  germination  and  seedling  emergence. 

Spring  and  summer  installation  of  revegetation  in  the  Intermountain  and  Northern 
Rocky  Mountain  regions  is  particularly  inadvisable  for  the  following  reasons: 

A.  High  elevation  sites  are  often  inaccessible  at  critical  times  when  soil  water  and 
temperature  conditions  are  optimum  for  seed  germination  during  the  spring  and 
early  summer  periods  due  to  late  snowbanks  or  wet  roads. 

B.  Precipitation  patterns  are  unreliable  and  unpredictable;  in  the  western  U.S.  so- 
called  average  precipitation  amounts  and  patterns  are  highly  variable  from  year 
to  year. 

C.  Mid-  and  late-summer  frost  and  needle-ice  are  common  phenomena  at  high 
elevations,  and  late  germinating  seedlings  may  become  disturbed  before 
becoming  fully  rooted. 


7.         SEEDING  AND  PLANTING  TECHNIQUES 

Seeding  and  planting  are  practices  of  applying  plant  materials  and  propagules  to  the 
disturbed  site  to  improve  plant  establishment,  enhance  colonization,  and  advance  successional 
development  of  the  revegetation  community.   In  addition,  seeding  and  planting  are  ideally 
accomplished  following  application  of  other  amendments  with  species  and  ecotypes  mixed  in 
proportions  and  applied  at  rates  compatible  with  successional  forces  of  the  surrounding 
undisturbed  ecosystem.   The  most  significant  objective  of  this  principle  is  to  advance  the 
successional  stage  of  the  revegetation  community  commensurate  with  the  limitations  of  the 
other  amendments  applied,  to  sustain  and  encourage  community  development,  species  richness 
and  diversity,  soil  building,  and  other  attributes  of  the  ecosystem  being  restored.   Based  on 
the  limiting  factors  imposed  by  the  site  as  ameliorated  by  the  application  of  revegetation 
amendments  and  proper  species  selection  principles,  the  following  practices  are 
recommended." 

A.         Revegetation  success  is  enhanced  when  multiple-species  mixtures  are  used  that 
include  different  lifeforms,  life  histories,  and  physiological  traits.   This  practice 
improves  species  richness  and  diversity,  and  also  improves  the  chances  of  stand 
survival  in  the  event  of  catastrophic  events  such  as  drought,  disease,  and  insect 


infestations. 

B.  Optimum  seeding  rates  on  high  elevation  disturbances  range  from  about  25  - 
100  seeds  per  ft2   (250  -  1000+  seeds  per  m2)  for  the  complete  mixture  used, 
with  the  higher  rates  especially  needed  on  the  most  severe  disturbances.   For 
example,  in  a  seed  mixture  containing  10  species,  each  species  would  be 
seeded  at  the  equivalent  rate  of  from  2.5  -  10  seeds  ft"2  (may  be  higher  on 
severe  disturbances). 

C.  Seeds  may  be  pre-mixed  and  broadcast  uniformly  over  the  site, 
or  may  be  applied  with  a  seeder-packer.   It  is  strongly 
recommended  that  seed  application  rates  be  calculated  on  the 

.  basis  of  equal  numbers  of  viable  seeds  per  species  per  unit  area 
(e.g.,  number  of  seeds  ft"2  or  m*2)  rather  than  on  a  weight  basis 
per  unit  area  for  the  following  reasons: 

1.  Ensures  that  potential  competition  among  species  is  uniform.   Each 
species  will  thus  be  given  an  equal  opportunity  based  on  a  pure-live- 
seed  (PLS)  basis.   For  example,  a  species  with  50%  seed  viability 
would  be  seeded  at  twice  the  seed  number  as  another  species  in  the 
mixture  with  100%  viability. 

2.  Provides  for  optimum  assessment  of  individual  species  performance. 
Evaluations  of  relative  adaptability  and  competitiveness  are  improved. 

3.  Seeds  of  each  species  have  different  shape,  mass,  and  surface 
characteristics.   Calculations  and  mixtures  on  a  weight  basis  tend  to 
under-represent  high  mass  seeded  species  and  over-represent  lower  mass 
seeded  species. 

4.  Seed  weights  should  always  be  determined  for  the  specific  collection 
and  ecotype  of  seeds  used. 

D.  Seeds  of  many  species  (especially  grasses)  should  be  covered  with  soil 
following  seed  distribution  to  a  depth  of  about  0.5  inch  (1.25  cm),  although  the 
exact  depth  is  seed-size  dependent  (smaller  sized  seeds  should  be  covered  more 
shallowly  than  larger  sized  seeds).   This  practice  minimizes  the  chances  of 
desiccation  and  seed  predation  by  insects  or  other  animals,  and  promotes  more 
efficient  water  and  nutrient  uptake  during  germination  and  emergence. 

E.  Many  species  are  photoblastic  (require  light  for  germination)  such  as  most 
sedges  and  many  high  elevation  forbs.    Seeds  of  these  species  should  be 
applied  at  or  near  the  soil  surface  following  seeding  and  soil  covering  of  other 
species. 


F.  The  soil  surface  should  be  packed  firmly  following  seeding  to  ensure  optimum 
contact  between  the  seeds  and  the  soil.   This  practice  promotes  water 
absorption  and  minimizes  wind  re-distribution  of  seed  prior  to  germination. 

G.  Transplanting  may  be  used  as  an  effective  revegetation  technique  on  small 
critical  sites  where  seeding  may  be  impractical  or  impossible  (due  to  slope 
steepness,  highly  erodible  soils,  etc.).    However,  transplanting  is  expensive  and 
highly  labor  intensive,  and  should  be  limited  to  sites  where  essential.    In  some 
cases  transplanting  has  been  used  to  supplement  species  diversity  on  previously 
seeded  sites. 


8.         SURFACE  MULCHING  TO  MINIMIZE  LIMITING  ENVIRONMENTAL 
CONDITIONS. 

Surface  mulching  is  the  practice  of  applying  organic  or  synthetic  substances  to  the  soil 
surface.   Most  commonly,  surface  mulches  consist  of  organic  materials  such  as  straw,  erosion 
blankets,  jute  netting,  or  similar  materials.   The  incorporation  of  organic  additives  such  as 
humic  matter  is  not  considered  mulching,  but  is  included  as  an  amendment  (see  4,  above). 

A.  The  primary  effects  of  surface  mulches  include: 

1.  Surface  protection  from  erosion  due  to  rain-drop  impact. 

2.  Reduces  evaporation  of  surface  soil  water  during  germination  and 
emergence. 

3.  Reduces  wind  erosion  and  re-distribution  of  soil  fines,  seeds,  and  soil 
amendments. 

4.  Reduces  frost  and  needle-ice  formation  primarily  by  acting  as  a  heat- 
trap. 

5.  May  increase  available  soil  water  by  trapping  snow  at  the  surface. 

6.  May  improve  the  seed  trapping  characteristics  of  the  surface,  and  hence 
encourage  native  plant  colonization 

B.  Mulches  should  be  applied  at  light  or  moderate  rates  to  allow  light  penetration 
and  seedling  emergence;  a  little  is  excellent,  whereas  too  much  can  be 
catastrophic  (2  tons,  of  straw  per  acre  is  usually  considered  ideal). 

C.  Uniform  distribution  is  essential  to  avoid  uneven  coverage  (e.g.,  clumps  in 
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some  areas  and  unmulched  soil  in  others). 


D.         Blown  straw  or  hay  held  in-place  with  netting  and  pins  or  spray-applied 

emulsions  ("tackifiers")  have  been  used  successfully.   Other  products  such  as 
woodchips,  excelsior,  or  jute  netting  are  also  valuable,  but  tend  to  be  much 
more  expensive.    Woven  blankets  of  straw  fibers  and  cotton  string  netting  are 
excellent,  and  may  replace  other  forms  of  surface  mulch  in  the  future. 


9.         POST-RESTORATION  AND  REVEGETATTON  MANAGEMENT  AND 
ASSESSMENT. 

^  Following  revegetation  installation,  the  site  will  require  some  follow-up  management 
over  time  until  the  revegetation  plant  community  become  self-sustaining  and  reproductive. 
Some  of  the  practices  that  may  be  required  for  several  or  more  years  following  revegetation 
installation  include: 

A.  Assessment  of  individual  plant  species,  including  biomass  productivity  and 
cover  analyses  to  determine  the  long-term  adaptability  of  each  species  used, 
and  the  relative  effectiveness  of  the  amendments  and  other  practices  applied. 

B.  Assessment  of  successional  development  within  the  revegetation  community  to 
determine  species  diversity  and  richness  changes  over  time  as  invasion  and 
colonization  by  outside  native  species  from  surrounding  communities  in  the 
ecosystem  occur. 

C         Yearly  soil  sampling  and  analyses  are  recommended  for  several  years  following 
revegetation  installation  to  determine  temporal  changes  in  soil  fertility  and 
chemistry.   Results  of  these  analyses,  together  with  vegetation  assessment  data 
will  indicate  the  need  for: 

1.  Periodic  re-fertilization  may  be  required  to  maintain  or  enhance  the 
availability  of  nutrients  until  sufficient  rooting  and  organic  accumulation 
develop  to  sustain  long-term  nutrient  cycling  within  the  community. 

2.  Re-fertilization  rates  and  nutrient  compositions  need  to  be  carefully 
monitored  and  adjusted  to  avoid  creation  of  closed  grass  swards  that 
inhibit  or  exclude  invasion,  colonization,  and  establishment  of  other 
diverse  species.    Although  grasses  are  the  most  common  lifeform  used 
in  revegetation,  luxury  consumption  of  added  nutrients  may  delay 
successional  development  of  the  community. 

>  •     3.         Periodic  re-applications  of  lime  may  be  required  if  re-acidification  of 
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the  soil  occurs. 

D.         Control  or  elimination  of  grazing,  recreation,  and  other  uses  may  be  required 

until  the  community  becomes  self-maintaining  (undetermined  number  of  years). 
In  critical  cases,  fencing  and  other  management  options  may  be  required. 
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XII-1 

H-3 042-1  -  SOLID  MINERAL  RECLAMATION 
Chapter  12 

XH.  REVEGETATION 

A.  INTRODUCTION 

A  primary  goal  of  a  revegetation  program  is  to  stabilize  the 
surface  against  the  long  term  effects  of  erosion.   Another  major 
objective  is  the  return  of  the  site  to  a  productive  post- 
operational  use.   The  revegetation  process  begins  after  the 
disturbed  area  has  been  shaped,  graded,  and  treated,  and  the 
topsoil  or  other  suitable  growth  medium  is  spread  and  smoothed. 
The  revegetation  of  the  affected  lands  shall  be  accomplished  in  a 
timely  manner  and  consistent  with  the  reclamation  plan.   Lands 
which  did  not  support  vegetation  prior  to  mining  because  of  soil 
conditions  may  require  no  revegetation. 

B.  SOILS  MANAGEMENT 

The  use  of  topsoil  or  other  selected  replacement  material  as 
a  growth  medium  to  be  spread  over  lands  disturbed  by  mineral 
activities  during  reclamation  must  be  considered  during 
reclamation  planning.  The  amount  and  quality  of  replacement  soils 
used  will  have  a  effect  on  the  future  productivity  of  the 
reclaimed  lands.  .  Proper  soils  management  is  critical  to 
reclamation  success.   Some  factors  to  consider  early  in  the 
reclamation  planning  process  include: 

1.  Amount  and  quality  of  the  topsoil  to  be  saved. 

2.  Alternatives  to  spreading  topsoil. 

3 .  Storage  location  and  duration  of  storage  of  salvaged 
soils. 

4.  Protection  of  stored  and  salvaged  soils. 

5.  Feasibility  of  direct  replacement  of  the  salvaged  soils. 

6.  Required  thickness  of  replacement  soil. 

7.  The  volume  of  available  replacement  soil. 

8.  Availability  of  additional  growth  media  to  supplement 
topsoil  replacement. 
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A  site-specific  soil  survey  should  be  conducted  as  a  part  of 
the  baseline  studies.   The  soil  survey  should  be  conducted  in 
accordance  with  the  standards  of  the  National  Cooperative  Soil 
Survey  (See  SCS  USDA  Handbooks  43  0  and  436) .   The  purpose  of  the 
soil  survey  is  to  identify  suitable  soils  for  use  as  growth  media 
or  for  other  special  purposes.   Soil  resources  within  the  zones 
of  proposed  disturbance  should  be  inventoried  for  volume  and 
suitability  prior  to  the  disturbance.   See  Table  XII-1.   Soils 
high  in  clay  content  may  not  be  suitable  to  support  plant  growth 
but  may  be  suitable  for  use  as  an  impermeable  barrier  in  waste 
management.   The  acceptability  of  soils  is  also  dependent  upon 
moisture,  organic  matter,  soluble  salts,  selenium  and  boron 
content,  bulk  density  and  other  factors. 

Table  XII-1.   Soil  Suitability  for  Reclamation  Purposes  (courtesy 
of  the  USFS  Intermountain  Forest  and  Range  Experimental 
Station-Logan,  Utah) 

SOIL 


PROPERTY 

SOIL 

QUALITY 

Texture 

GOOD 
sandy  loam 

loam 
silt  loam 

0-10 

FAIR 
sandy  clay  I 
silty  clay  I 
clav  loam 

jam 

jam 

POOR 
sandy  clay 
loamy  sand 
silty  clay 

20-40 

UNSUITABLE 
clay  >60X 

Rock  &  Gravel 
(X  by  volume) 

10-20 

>40 

pH 

6-8 

5-6 
8-8.5* 

4.5-5 
8.5-9* 

<4.5 
>9 

Na  absorption 
ratio,  (SAR) 

4 

4-8 

8-16 

>16 

Electrical 

Conductivity 

(millimhos/cm) 

3 

3-7 

7-15 

>15 

• 


•Oieck  for  heavy  concentrations  of  Boron  or  Lime. 

All  replacement  soils  and  material  suitable  for  reclamation 
should  be  salvaged  wherever  feasible  and  stored  for  later  use  in 
reclamation  or  if  conditions  permit,  applied  directly  to 
recontoured  areas  ready  for  reclamation. 
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Salvaged  materials  should  be  properly  stored  and  revegetated 
if  necessary  to  protect  the  stockpiled  soils  from  erosion. 
Concurrent  topsoil  replacement  is  preferable  to  long-term  topsoil 
storage.   Studies  have  indicated  that  long-term  storage  of 
topsoil  may  result  in  the  loss  of  vital  organisms  in  the  soil. 
Stockpile  sites  should  be  located  in  areas  which  will  not  be 
affected  v.y  f'.-.t'-jre  operations  and  are  easily  accessible  for 
removal  at  the  time  the  soils  are  needed. 

The  appropriate  replacement  thickness  of  growth  media  is 
usually  based  on  the  amount  of  available  topsoil  or  growth  media 
and  past  experience  with  application  depths.   In  general,  the 
poorer  the  chemical  and  physical  properties  of  the  spoil  or  waste 
materials,  the  greater  the  required  depth  of  the  replacement 
soils.   When  the  availability  of  good  soil  materials  is  limited, 
consider  the  qualities  of  the  soils  available.   Generally,  a  thin 
layer  of  topsoil  over  unproductive  subsoil  will  result  in  greater 
plant  productivity  than  a  thin  layer  of  topsoil  alone. 

In  those  cases  where  the  waste  materials  are  finely  textured 
and  exhibit  no  phytotoxic  properties  (i.e.  highly  acid  or 
saline) ,  about  6-12  inches  of  replacement  topsoil  or  other 
suitable  growth  medium,  if  available,  should  be  sufficient. 
Coarse  textured  (rocky)  waste  or  waste  exhibiting  phytotoxic 
properties  may  require  greater  thicknesses  and  additional 
treatment-.   Disturbed  areas  containing  highly  phytotoxic 
materials  may  require  some  form  of  mechanical  treatment,  such  as 
sealing  the  dump  with  clays,  prior  to  application  of  the  topsoil. 
Where  the  volume  of  replacement  soils  is  limited,  variances  to 
the  above  recommendations  or  uneven  placement  may  be  justified. 

Certain  fine  grained  substrata  which  exhibit  favorable 
reclamation  properties,  may  be  used  to  advantage  as  a  soil  medium 
or  as  a  mantle  to  cover  rocky  waste. 

Reapplied  topsoil  or  selected  subsoils  should  be  tested  for 
nutrients,  pH,  and  toxicity  factors  prior  to  planting. 
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C.   SEED  BED  PREPARATION 

The  first  revegetation  step  is  to  prepare  the  newly  spread 
soil  material  for  seeding  and  planting.   The  soil  material  must 
be  permeable  enough  to  absorb  precipitation  and  to  allow  for  root 
penetration.   In  arid  zones,  seedling  establishment  is  difficult 
and  highly  variable;,  th^r^^ore,  proper  seedbed  preparation  is 
extremely  critical. 

Seedbed  conditioning  provides  important  benefits  for  plant 
germination,  establishment,  and  long  term  vitality  by  loosening 
the  compacted  soil  material,  providing  catchments  to  increase 
water  available  to  plants,  and  creating  microsites  that  shelter 
seeds  and  seedlings.   The  seedbed  should  be  conditioned  to 
collect,  hold,  and  absorb  as  much  moisture  as  possible. 

Equipment  for  seedbed  conditioning  ranges  from  rippers  and 
discs  or  chisel  plows  to  spring  tooth  harrows  and  rakes. 

After  the  topsoil  is  applied  and  graded,  consider  scarifying, 
shallow  ripping,  or  disking  the  site  to  eliminate  compaction  and 
provide  for  increased  infiltration  rates.   Ripping  or  disking 
will  retain  water  in  the  seed  bed  which  is  essential  to  the 
success  of  the  revegetation.  Rip,  disk  or  harrow  on  the  contour 
of  the  slope  to  reduce  the  effects  of  surface  erosion. 

Some  important  considerations  in  seedbed  preparation  are: 

1.  Final  shape  or  landform  should  be  compatible  with  the 
surrounding  landforms  where  practicable.   If  possible, 
natural  drainage  should  not  be  altered,  except  where 
necessary  to  protect  unstable  soils  or  tailings  or  toxic 
materials  areas.   The  seedbed  should  be  tested  for  growth 
potential  prior  to  seeding.   Capillary  breaks  may  be 
necessary  to  isolate  toxic  subsoil  materials. 

2 .  Soils  and  subsoils  that  have  been  highly  compacted  should 
be  ripped.   Subsoils  should  be  ripped  prior  to  the 
placement  of  the  topsoil  or  other  growth  media. 

a.   Rip  the  mantle  when  it  is  relatively  dry  to  permit 
shattering  beneath  the  surface.   Moisture  content 
should  not  exceed  field  capacity. 
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b.   Ripping  should  generally  be  2  to  3  feet  deep  on  2-  to 
3-foot  centers.   A  "rule  of  thumb"  is  the  distance 
between  rippers  should  be  equal  to  the  depth  ripped. 
Ripping  depth  may  be  limited  by  the  characteristics 
of  subsoil  materials.   For  example,  in  arid  regions, 
ripping  may  bring  calcium-rich  materials  to  the 
surface,  which  may  inhibit  ("Termination. 

D.   FERTILIZATION 

Many  disturbed  areas  and  waste  embankments  may  be  nutrient 
deficient  at  the  time  the  reclamation  is  performed  and  may 
require  fertilization  to  ensure  the  seedlings  establish 
themselves.   Fertilization  is  the  addition  of  a  natural  or 
man-made  substance  to  the  soil  to  supply  plant  nutrients.   Its 
use  can  be  justified  when  operations  disrupt  the  soil  balances 
that  affect  nutrient  availability.   Fertilization  can  be  done 
before,  during,  or  after  seeding,  however  it  is  usually  more 
advantageous  to  fertilize  prior  to  seeding.   After  the  initial 
fertilization  and  subsequent  establishment  of  plants,  the  natural 
process  of  nutrient  cycling  is  expected  to  maintain  the  plant 
community.   Consider  the  following  when  fertilizing  reclamation 
projects: 

Soil  materials  should  be  tested  for  nutrient  levels  prior 
to  fertilization.-  Only  available  nutrients  are  important. 
Macronutrierit  (e.g.  nitrogen,  phosphorus,  potassium, 
calcium,  magnesium,  iron  and  sulfur)  and  micronutrient 
(e.g.  zinc,  boron,  selenium)  deficiencies  will  be 
determined  by  the  soil  sampling* 

-  The  nutrient  content  of  bagged  and  bulk  fertilizers  is 
expressed  as  a  percent  of  the  content  by  weight. 
Example:   A  100-pound  bag  marked  10-10-10  means  10% 
nitrogen,  10%  phosphorus  (P205)  ,  and  10%  potash  (K205)  . 

Equipment  to  apply  chemical  fertilizers  (common 
agricultural  fertilizers)  range  from  broadcast  spreaders 
and  drill  seeders  for  dry  or  granular  fertilizer,  subsoil 
injectors  for  liquid  fertilizer,  and  hydro-seeders  for 
applying  a  slurry  of  fertilizer  and  water.   The 
application  of  biologic  fertilizers  (manure,  compost, 
etc.)  will  require  special  equipment. 
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For  best  results,  fertilize  before  planting,  and  harrow  or 
drill  the  fertilizer  into  the  soil  material  to  increase 
the  effectiveness  of  the  fertilizer.   If  it  can  be 
demonstrated  that  the  seedlings  can  be  established  without 
fertilizer,  consider  the  application  of  the  fertilizer 
after  the  seedlings  are  established. 

Usually  fertilizer  applied  with  a  hydro-seeder  will  be 
done  in  conjunction  with  seeding.   Not  only  are  fertilizer 
slurries  sometimes  incompatible  with  organic  mulches,  but 
can  be  toxic  to  the  seed,  and  should  be  applied  in 
separate  operations. 

Nitrogen  fertilizers  should  be  those  that  will  release  at 
the  time  of  germination.   Losses  of  available  nitrogen 
over  the  winter  season  may  reach  3  0%,  therefore,  adjust 
application  rates  to  account  for  these  potential  losses. 

Adult  plants  which  exhibit  a  yellowish-green  color  and 
drying  of  the  lower  parts  of  the  plant  usually  are 
deficient  in  nitrogen  or  iron..  Phosphorus  deficiencies  in 
plants  often  cause  a  purplish  color  in  the  leaves  and  the 
plants  display  poor  root  development,  stooling,  and 
spreading. 

Application  of  low  nitrogen  levels  reduces  weed  growth. 
Higher  levels  of  phosphorus  improves  root  development  with 
no  appreciable  increase  in  the  growth  of  weedy  species. 
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E.  SOIL  AMENDMENTS 

The  use  of  soil  amendments  is  often  an  important  part  of 
preparing  disturbed  areas  for  revegetation.   Most  disturbed  sites 
exhibit  soils  that  have  received  impacts  to  their  chemical  and/ or 
physical  characteristics  (e.g.  compaction) .   These  impacts  affect 
the  ability  of  the  soil  to  function  effectively  as  a  growth 
medium  for  vegetation  and  generally  increase  the  likelihood  of 
soil  surface  instability.   Soil  amendments  are  natural  or  man- 
made  materials  incorporated  into  the  soil  to  improve  the  soil- 
water  or  soil-air  relationships  in  the  soil  profile  by  altering 
the  chemical  and/or  physical  properties  of  the  disturbed  soils. 
Soil  amendments  help  provide  a  suitable  environment  for 
vegetation  establishment.   Soil  amendments  include,  but  are  not 
limited  to:   wood  chips,  calcium  chloride,  various  organic 
mulches,  gypsum,  and  lime.   When  incorporated  into  the  soil, 
these  materials  help  mitigate  compaction  problems,  improve  water 
infiltration,  neutralize  acidic  or  alkaline  conditions,  modify 
soil  structure,  and  enhance  water  holding  capacity  while 
improving  drainage. 

F.  SEED  SELECTION  AND  HANDLING 

The  following  are  some  general  guidelines  for  seeding: 

-   Select  species  from  a  similar  climatic  zone  and  soil  type. 
Minimum  moisture  reguirements  should  determine  selection. 

Seed  a  mixture  of  species.   Consider  species  for  both  warm 
and  cool  season  growth.   Use  a  good  balance  of  types  which 
provide  for  the  planned  post-reclamation  use,  such  as 
grazing  or  wildlife  habitat. 

Do  not  over-seed.   Too  many  seedlings  will  compete  for 
available  moisture  and  nutrients. 

Protect  seeded  areas  from  use  until  the  vegetative  cover 
is  established  and  self-sustaining.   In  areas  where  it  is 
impractical  to  limit  access,  use  species  which  are  quickly 
established. 


Corrects  Format  in  Chapter  12 

BLM  MANUAL  Rel.  3-275 

2/7/92 


XII-8 

H-3042-1  -  SOLID  MINERAL  RECLAMATION 
Chapter  12 

1.   Species  Selection 

Selection  of  adaptable  plant  species  is  essential  for 
successful  reclamation.   In  severe  environments  such  as  deserts, 
alpine  zones,  or  windy  ridgetop  exposures,  the  number  of 
adaptable  species  will  be  less  than  for  sites  in  moderate 
climates.   The  proper  selection  of  adaptable  plant  species  will 
depend  on  the  prevailing  climatic  and  soil  conditions  in  the 
project  area  (see  appropriate  seed  selection  handbook  for  your 
area) .   The  seed  selection  should  be  consistent  with  the  Resource 
Management  Plan  post-mining  objectives,  (i.e.  wildlife  habitat 
and/or  grazing) . 

Criteria  for  determining  plant  species  adaptable  for 
the  project  site  should  include: 

-  Ability  to  quickly  establish  and  stabilize  the 
specified  surface 

-  Ability  to  withstand  the  extremes  of  climate  at  the 
site 

-  Ability  to  survive  with  little  or  no  maintenance 

-  Ability  to  establish  itself  on  the  soil  material 

-  Availability  of  seed  from  commercial  seed  suppliers 

-  Form  and  growth  characteristics 

-  Forage  preference  and  palatability  to  grazing 
herbivores 

The  selection  of  plant  species  (seed  mixes)  should  be 
diverse,  and  when  practical  include  grasses,  forbs,  and  shrubs. 
Trees  and  shrubs  should  be  re-established  where  the  post-mining 
land  use  includes  wildlife  habitat.   Species  to  be  planted  as 
permanent  cover  shall  be  self-renewing  (perennial)  to  maintain 
the  plant  community.   Introduced,  naturalized  or  non-indigenous 
plant  species,  may  be  included  in  the  approved  seed  mixture  if 
they  support  the  approved  post-operational  land  uses  and  do  not 
conflict  with  long-term  vegetation  management  goals.   See 
Appendix  2  for  some  suggested  species  for  reclamation  use. 

Seed  mixes  should  include  certain  species  which 
provide  for  quick  cover,  embankment  stabilization  (i.e.  deep 
rooted  legumes) ,  litter  production,  nitrogen  fixing  capabilities, 
etc.   Observe  native  plant  species  growing  in  the  project  area  on 
both  the  undisturbed  lands  and  disturbed  lands. 
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The  purpose  for  seeding  is  to  establish  ground  cover 
and  protect  the  soil  from  erosion  and  to  prevent  invasion  of 
undesirable  species.   Grass  species  are  best  suited  to  this 
because  they  have  a  fibrous  root  system.   Sod  forming  species  are 
best  at  reducing  erosion. 

Consult  with  BLM  specialists,  county  agents,  or  other 
experts,  and  appropriate  research  reports  regarding  reclamation 
research  and  proper  seed  selection. 


follow: 


Some  general  considerations  for  species  selection 


-  Recommendations  for  species  selection  can  be 
obtained  from  the  BLM,  the  Soil  Conservation 
Service  (SCS) ,  or  the  Forest  Service. 

Elevation  and  slope  aspect  are  also  important 
factors  that  should  be  considered  when  selecting 
plant  species. 

-  The  Soil  Conservation  Service  (SCS)  Plant  Material 
Centers  has  information  about  seed  and  seed 
dealers.   The  Centers  are  an  excellent  source  of 
information.   Also  consider  botanical  gardens  and 
native  plant  organizations  as  possible  sources. 

-  All  seed  purchased  should  have  species  name, 
percent  germination,  percent  pure  live  seed, 
percent  weed  seed  and  other  contaminates, 
collection  location  (especially  important  for 
native  species)  and  testing  date  specified  on  bag. 
States  require  that  seed  planted  within  the  State 
contain  no  injurious  or  noxious  weeds. 

2.   Seed  Acquisition 

Seed  of  adaptable  plant  species  may  be  purchased  or 
collected  from  native  plants  in  the  vicinity  of  the  project  site. 
Some  guidelines  to  seed  acquisition  include: 
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Purchase  seed  from  dealers  with  experience  in  the 
geographic  area.   All  purchased  seed  should  be 
packed  for  the  growing  season  in  which  it  will  be 
used. 

If  collection  of  native  seeds  is  viable,  locate 
appropriate  stands  of  adaptable  seed  species  before 
the  seed  matures  and  collect  the  seed  only  after  it 
matures.   Collect  seed  in  cloth  or  paper  containers 
but  never  seal  in  plastic  bags  as  this  practice  may- 
retain  moisture  and  cause  molding  of  the  seed. 
Clean  and  separate  the  seed  from  the  undesirable 
debris  as  soon  as  the  material  is  dry. 

-  Store  the  cleaned  seed  in  a  cool  dry  location  in 
cloth  bags.   Be  sure  the  germination  percent, 
collection  location,  pure  live  seed,  and  percent 
weed  contaminates  are  specified  on  the  bag  label. 
BLM  may  inspect  the  labels  prior  to  the  application 
of  the  seed. 

Legume  seed  and  certain  other  types  of  seed  (e.g. 
bitterbrush  seed)  should  be  inoculated  for  best 
results. 

G.   SEEDING  AND  PLANTING 

Seeding  and  planting  should  be  done  as  soon  as  the  seedbed 
preparation  is  completed,  and  if  possible  schedule  the  seeding 
just  prior  to  the  longest  precipitation  period  or  when  available 
moisture  is  most  favorable  for  seedling  establishment.   In  many 
locations,  seeding  prior  to  snowfall  enhances  germination  success 
in  the  spring.   By  beginning  the  revegetation  immediately  after 
the  seedbed  preparation  is  completed,  .competitive  less  desirable 
species  will  not  be  given  an  advantage  and  the  seedbed  will  not 
degrade  physically  or  biologically.   Quick  establishment  of 
vegetative  cover  protects  the  soil  from  erosion.   Seeding  and 
planting  patterns  should  be  designed  to  best  provide  the  desired 
post-mining  use. 
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Seeding  rates  must  be  based  on  pure  live  seed  (PLS) 
percentages  and  seeds  per  square  foot  or  pounds  of  pure  live  seed 
per  acre.   Seeding  rates  which  are  too  low  may  result  in  sparse 
stands  which  may  fail  to  stabilize  the  site,  while  excessive 
rates  waste  seed  and  may  result  in  stagnant,  overly  dense  stands 
with  reduced  plant  vigor.   The  seed  mixtures  and  application 
rates  should  be  d^sr-i-ibe^  in  the  plan  and  approved  by  the  AO. 

Two  basic  seeding  techniques  are  drill  seeding  and  broadcast 
seeding.   The  type  of  seeding  to  be  used  is  dependent  upon  the 
terrain  and  species  to  be  used,  and  both  methods  may  be  employed 
at  the  same  site.   Broadcast  seeding  can  be  divided  into  ground 
seeding,  aerial  seeding,  and  hydroseeding.   Drill  seeding  is 
considered  an  effective  method  of  seeding  for  most  grass  species, 
while  other  species  must  be  broadcast.   If  the  seedbed  is  smooth 
and  free  of  large  rocks,  consider  seeding  the  site  with  a 
cultipacker-type  seeder  to  assure  the  seeds  are  evenly 
distributed  and  to  control  seeding  depth.   However,  if  the  site 
is. rough  and  rocky,  a  rangeland  type  drill  may  be  more  effective. 
Where  broadcast  seeding  is  the  only  alternative,  do  the  seeding 
immediately  after  the  site  has  been  prepared  and  cover  the  seed 
by  raking  to  provide  for  a  good  seed-soil  contact. 

Seeding  depth  is  important  for  successful  germination. 
Generally,  small  seed  should  be  seeded  closer  to  the  soil  surface 
than  large  seed.   Most  seeds  should  be  planted  from  1/3  inch  to 
1/2  inch  deep,  depending  upon  seed  size  and  type.   Seeding  too 
deeply  delays  emergence  and  reduces  total  emergence,  while 
seeding  too  shallowly  increases  desiccation  and  causes  faulty 
root  systems.   Covering  most  seed  is  important.   Some  seeds  will 
not  germinate  when  uncovered,  birds  and  rodents  will  feed  on  the 
exposed  seed,  and  seed  may  wash  or  blow  away  before  it 
germinates . 

Steep  slopes  and  rocky  soils  may  prohibit  the  use  of  most 
mechanical  seeding  equipment.   Where  equipment  can  be  used,  seed 
drills  will  usually  ensure  good  seeding  success.   Special  note 
should  be  given  to  the  depth  of  planting.   The  appropriate  depth 
of  planting  for  the  selected  species  should  be  used. 
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Broadcast  seeding  is  often  required  on  portions  of  the 
disturbed  area.   Some  types  of  seed  should  always  be  covered  with 
soil.   Some  suggested  methods  are  a  weighted  chain  link  fence, 
light  chain,  culti-peater,  or  harrow.   Broadcast  seeding  works 
best  when  done  just  after  completion  of  the  final  earthwork,  when 
the  surface  is  soft  and  friable. 

H.   SHRUBS  AND  TREES  AND  OTHER  TRANSPLANTED  SPECIES 

Planting  techniques  range  from  hand  planting  to  sprigging  to 
transplanting.   Planting  must  be  done  so  competition  from  other 
species  on  the  site  is  minimized.   It  is  preferable  to  establish 
shrubs  and  trees  on  critical  revegetation  sites  through 
transplanting  techniques  using  containerized  or  bare  root  stock. 
Where  possible  leave  undisturbed  buffers  of  trees  between  roads 
and  pits  to  serve  as  a  natural  seed  source. 

Transplanting  requires  consideration  of  the  following 
factors: 

-  Available  sources  of  adaptable  stock  (e.g.,  Federal 
nurseries) 

Care  and  hardening  of  the  plants  prior  to  planting. 
Determination  of  the  correct  time  to  plant. 
Methods  of  planting,  including  considerations  of 
spacing,  watering,  etc. 

-  Care  and  assessment  following  planting. 

Shrubs  and  trees  may  often  be  planted  in  crucial  big  game 
areas  to  mitigate  habitat  loss.   Well-placed  shrubs  and  trees 
within  the  reclaimed  area  may  provide  a  seed  source  for  future 
establishment.   Shrubs  can  be  established  from  containerized 
stock  or  by  selected  excavations  of  shrubs  just  off  site  of  the 
project  area.   The  following  should  be  considered  when  planting 
shrubs  or  trees: 

Adapted  species  should  be  selected  for  use  with  parent 
material  from  a  similar  climate  zone. 

Care  and  hardening  of  the  plants  should  be  considered 
prior  to  planting.   This  can  be  done  by  the  supplier. 

Adjust  time  of  planting  to  local  conditions. 
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-  Site  conditions  and  preparation  at  the  time  of  planting. 

-  Methods  of  planting,  spacing,  fertilizing,  watering,  and 
post-planting  care. 

I.   MULCHING 

Mulches  can  be  used  in  reclamation  to  si_aoilize  soils  until 
permanent  plant  cover  becomes  established.   Mulches  not  only 
reduce  or  prevent  wind  and  water  erosion,  a  good  mulch  cover  will 
protect  the  seeded  area  from  the  severe  effects  of  heat,  cold, 
and  drought.   Mulching  materials  can  be  organic  or  inorganic, 
natural  or  man-made,  soil  enriching  or  inert.   When  organic 
mulches  are  decomposing  they  can  create  a  serious  carbon/nitrogen 
imbalance  in  the  soil  and  may  require  additional  nitrogen 
fertilizer  to  compensate  for  the  nitrogen  tied  up  in  decomposing 
the  mulch.   Annual  or  non-competitive  perennial  cover  crops  may 
also  be  used  as  mulch.   Commonly  used  mulches  include,  straw, 
hay,  jute,  wood  chips  and  other  woody  material,  and  synthetic 
biodegradable  fibers. 

Hay  and  straw  mulches  should  be  applied  at  the  rate  of  2  000 
to  3  000  pounds  per  acre.   Fiber  mulches  are  best  applied  as  a 
hydromulch  (in  a  slurry  of  water  and  tackifiers)  at  a  rate  of  at 
least  2000  pounds  per  acre.   If  seed  and  fertilizer  are  added  to 
the  hydro-mulch,  caution  should  be  taken  to  ensure  the  addition 
of  fertilizer  to  the  slurry  does  not  make  the  slurry  toxic  to  the 
seed.   Apply  the  hydromulch  to  a  rough  surface,  such  as  an 
exposed  road  cut,  using  suitable  tackifiers  to  keep  the  mulch  in 
place.   The  use  of  hydro-mulching  on  cut-banks  is  effective  for 
distances  up  to  150  feet. 

Light  colored  mulches  will  reduce  summer  soil  temperatures 
while  dark  colored  mulches  raise  the  soil  temperatures  (effective 
for  raising  spring  soil  temperatures) . 

The  following  are  suggestions  for  using  mulches: 

Commonly  used  mulches  include;  straw,  crushed  rock,  hay, 
synthetic  mulches,  biodegradable  fibers  and  blankets, 
wood  chips  and  wood  fiber,  and  jute.   Care  should  be 
taken  to  ensure  that  hay  mulch  does  not  include  noxious 
weed  seeds. 
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Dark-colored  mulch  will  raise  spring  soil  surface 
temperatures . 

-  Light-colored  mulches  will  reduce  summer  soil  surface 
temperatures . 

-  Mulching  will  reduce  frost  heaving  of  new  seedlings. 

-  Mulch  reduces  rain  splash,  surface  wind,  particle 
movement  and  other  erosional  effects. 

-  Mulch  should  be  applied  to  a  roughened  surface.  Do  not 
grade  smooth.   Apply  asphalt  or  other  suitable 
tackifiers  or  crimp  mulch  into  the  surface  to  keep  it  in 
place. 

Hay  and  straw  mulches  for  seeding  cover  and  erosion 
control  should  be  applied  at  the  rate  of  1,000  to  3,000 
pounds  per  acre.   This  amount  will  provide  a  1-  to 
3 -inch  deep  ground  cover. 

Mulch  can  be  applied  by  hand  on  3:1  or  less  sloping 
sites  up  to  1  or  2  acres  in  size.   Larger,  steeper  sites 
will  require  a  power  blower  or  mulcher.   These  power 
mulchers  have  a  range  of  approximately  150  feet  from  an 
access  road. 

-  Fiber  mulches  can  be  applied  effectively  in  a  slurry  of 
water,  seed,  and  fertilizer  with  a  hydromulcher.   In 
low-precipitation  areas,  seed  should  be  applied  prior  to 
hydromulching . 

-  Mulching  that  is  crimped  into  the  soil  on  dry  sites  may 
wick  moisture  out.  of  the  soil  in  some  conditions. 

The  use  of  seeded  blankets  may  be  a  viable  alternative 
to  separate  seeding  and  mulching,  especially  on  steep 
slopes. 
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J.   REVEGETATION  OF  ACIDIC  MINING  WASTES 

Revegetation  of  acidic  mine  wastes  can  pose  particularly 
difficult  long-term  reclamation  problems.   Acidic  mine  wastes  are 
toxic  to  most  vegetation.   Virtually  all  mines  which  recover  ore 
from  sulfide  minerals  have  some  potential  for  acid  mine  waste, 
either  as  tailings  piles,  waste  rock  dumps,  or  low-grade  ore 
stockpiles.   Acidic  wastes  must  either  be  amended  chemically  or 
isolated  from  the  weathering  environment  in  order  for  ultimate 
reclamation  to  be  successful.   The  exact  measures  necessary  to 
ensure  reclamation  success  will  depend  on  a  variety  of  site- 
specific  factors.   Often,  acidic  mine  wastes  will  reguire  some 
form  of  engineered  cover  system  to  isolate  wastes  from  plant 
rooting  zones.   Capillary  breaks  are  effective  means  of  isolating 
the  waste  materials.   For  a  detailed  discussion  of  this  topic, 
refer  to  Volumes  I  and  II,  Draft  Acid  Rock  Drainage  Technical 
Guide,  prepared  for  the  British  Columbia  Acid  Mine  Drainage  Task 
Force.   The  Bureau  of  Mines  may  be  able  to  provide  additional 
assistance. 

1 .   Lime  Amendment 


Inclusion  of  a  lime  amendment  into  the  cover  system  may 
help  prevent  acidification  and  improve  the  potential  for 
revegetation  success.   Lime  amendments  may  also  have  other 
applications.   A  lime  amendment  is  particularly  effective  when 
the  cover  system  includes  a  capillary  break  from  the  acidic 
materials  below.   Inclusion  of  lime  into  a  cover  system  is  not 
likely  to  be  effective  in  reducing  acid  mine  drainage  caused  by 
water  infiltration  through  the  cover  system.   The  waste  material 
can  usually  release  sufficient  acid  to  overcome  the  effect  of  the 
amendment. 
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Where  the  net  neutralization  potential  (NNP)  of  waste 
rock  or  one  of  the  cover  layers  is  negative  (i.e.  the  material  is 
acidic) ,  it  may  be  beneficial  to  incorporate  lime  into  the  cover 
system  as  a  neutralizing  agent.   When  considering  lime 
application  it  is  important  to  determine  if  it  will  be  necessary 
to  add  lime  above  the  amount  indicated  by  the  NNP.   The  NNP  is  a 
minimum  number  and  it  is  often  necessary  to  substantially 
increase  the  amount  of  lime  added  to  account  for  other  natural 
processes,  such  as  precipitation  of  iron  on  the  lime,  which  limit 
the  availability  of  the  lime  for  acid  neutralization.   The  rate 
of  lime  incorporation  is  usually  expressed  in  tons  of  CaC03 
necessary  to  effectively  neutralize  1000  tons  of  waste  material. 

Lime  can  be  added  in  several  different  forms.   Slaked 
lime  (CaO)  and  hydrated  lime  (CaOH)  are  the  most  effective 
neutralization  agents.   However,  the  relative  abundance  and 
correspondingly  lower  cost  of  limestone  (CaC03)  make  it  more 
common  for  this  use.   Lime  amendments  are  usually  disked  or 
harrowed  into  the  surface  to  prevent  coating  and  subsequent 
reduction  of  moisture  infiltration.   Application  of  more  than  3  0 
tons  of  lime  per  acre  may  prove  to  be  impractical.   It  is  also 
possible  to  mix  lime  into  waste  material  in  batches  to  assure 
even  distribution.   It  is  best  to  have  a  range  of  sizes  present 
in  the  lime  amendment  to  ensure  consistent  reaction  and  acid 
consumption.   Normally,  an  agricultural  grind  meets  this 
requirement. 

2.   Bactericides 

The  oxidation  of  sulfide  minerals  is  catalyzed  by  the 
bacteria  Thiobacillus  ferrooxidans .   This  bacteria  can  speed  the 
reaction  by  several  orders  of  magnitude.   The  activity  of  the 
bacteria  can  be  limited  by  the  application  of  bactericides  to 
pyritic  waste  materials  and  cover  systems.   Bactericides  should 
be  considered  short-term  remedies,  which  may  be  particularly 
applicable  in  aiding  the  establishment  of  vegetation.   Once  a 
vegetative  cover  is  established,  oxidation  may  be  sufficiently 
inhibited  to  allow  for  reclamation  success. 
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K.   TEST  PLOTS 

It  is  often  appropriate  for  an  operator  to  install  test  plots 
prior  to  revegetation  of  a  large  disturbed  area.   This  process 
will  enable  the  proper  seed  mixture,  fertilization  type  and  rate, 
and  other  soil  amendment  requirements  identified  in  the 
recital' ion  plan  to  be  evaluated  on  a  site-specific  basis.   In 
addition,  it  allows  for  the  use  of  new  and  innovative  techniques 
which  have  not  been  widely  proven.   A  major  advantage  in  using 
test  plots  is  that  failures  are  much  less  costly  to  the  operator 
and  the  environment  than  "real-life"  failures.   Requirements  for 
test  plots  should  be  developed  in  conjunction  with  BLM  renewable 
resource  specialists,  such  as  range  conservationists,  wildlife 
biologists,  soil  scientists,  and  surface  protection  specialists. 
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Xm.        POST-MINING  MULTIPLE  USE 

MANAGEMENT 

A.  INTRODUCTION 

The  approved  post-mxmng  xanct  use  planned  for  in  the  RMP 
or  other  land-use  planning  document  determines,  to  great  degree 
the  specific  requirements  of  the  reclamation  plan  with  regard 
to  revegetation,  land  form  reclamation,  and  many  other  aspects 
of  reclamation.   The  specific  post-mining  use  or  uses  may  also 
have  an  impact  during  the  operation  which  is  directly  related 
to  the  reclamation  goals  and  activities  necessary  for  a 
particular  site.   Specific  considerations  should  be  given  to 
wetland  and  riparian  area  management,  wildlife  and  fisheries 
management,  range  management,  recreation  management,  forestry 
management,  and  visual  resource  management. 

B.  WETLANDS  AND  RIPARIAN  AREA  MANAGEMENT 

Wetlands  include  areas  adjacent  to  and  influenced  by 
streams  (whether  waters  are  surface,  subsurface,  or 
intermittent) ,  springs,  lake  shores,  marshes,  potholes,  swamps, 
muskegs,  lake  bogs,  wet  meadows,  and  esturine  areas.   Riparian 
areas  are  a  form  of  wetland  transitional  between  permanently 
saturated  wetlands  and  upland  areas.   They  include  the 
vegetative  zones  along  the  banks  of  rivers  and  streams  and 
around  springs,  bogs,  wet  meadows,  lakes,  and  ponds.   See 
Figure  XIII-1.   Of  particular  management  concern  are  riparian 
areas  in  arid  and  semi-arid  ecosystems. 

Riparian-wetland  areas  are  among  the  most  productive  and 
important  ecosystems,  comprising  nearly.  1  percent  of  the  public 
lands.   Characteristically,  these  areas  display  a  greater 
diversity  of  plant  and  animal  life  and  vegetation  structure 
than  adjoining  ecosystems.   Healthy  riparian-wetland  systems 
filter  and  purify  water  as  it  moves  through  the  riparian  zone, 
reduce  sediment  loads  and  enhance  soil  stability,  provide 
micro-climate  moderation  when  contrasted  to  extremes  in 
adjacent  areas,  and  contribute  to  groundwater  recharge  and  base 
flow. 

Departmental  and  BLM  policy  on  riparian  area  management 
requires  that  action  be  taken  to  avoid  adverse  impacts 
associated  with  the  use  and  modification  of  wetlands.   Overall 
'.         management  of  wetland  areas  must  be  based  on  site-specific 
characteristics  and  settings.   The  goal  of  reclamation  of 
riparian/wetland  sites  is  to  minimize  disturbance  and  to 
restore  and  preserve  the  natural  beneficial  functions  of  those 
wetlands.   Such  functions  include: 
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Figure  XIII-1 


Figure   XIII-1 
Examples  of  Riparian  and  Wetland  Areas 
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Dissipating  stream  energies  associated  with  high 
flows,  thus  reducing  erosion. 

Filtering  of  sediment  and  pollutants  carried  with 
overland  flow  and  aiding  alluvial  valley  floor  and 
floodplain  deposition. 

-    Improvement  of  headwater  storage  potential,  which  can 
result  in  making  water  available  for  release 
throughout  the  year. 

Development  of  root  masses  that  stabilize  stream 
banks  against  cutting  action. 

Providing  vegetative  cover  adequate  to  shade  the 
water  and  maintain  water  temperatures  suitable  for 
the  survival  of  fisheries  and  other  aquatic  life. 

Maintenance  of  water  oxygenation  during  the  colder 
winter  months  suitable  for  survival  of  aquatic  life. 

Production  and  maintenance  of  food  chains  which 
include  fish. 

Maintenance  of  habitat  to  host  the  food  chain  base. 

Production  and  maintenance  of  a  food  supply  and 
habitat  for  non-aquatic  animals. 

Critical  water  sources  for  wildlife  in  many  arid 
areas . 

Specific  reclamation  actions  should  restore  the  natural 
functions  of  streams,  including  flood  energy  dissipation,  bank 
building,  sediment  filtering,  water  storage,  and  aquifer 
recharge.   Where  riparian  and  .other  wetland  areas  are  in  poor 
condition,  efforts  to  improve  or  enhance  the  riparian  resources 
should  be  made  as  a  part  of  complete  watershed  management. 

Wetland  management  must  be  conducted  within  the  framework 
of  Federal  government  policy,  a  policy  of  "no  net  loss  of 
wetlands".   Reclamation  activities  must  be  conducted  so  as  to 
provide  this  mitigation  for  any  wetlands  disturbed  by  the 
mining  operation.   In  addition,  the  construction  of  wetlands  as 
a  part  of  reclamation  may  provide  mitigation  for  off-site 
losses  of  productive  wetland  areas. 
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Dissipating  stream  energies  associated  with  high 
flows,  thus  reducing  erosion. 

Filtering  of  sediment  and  pollutants  carried  with 
overland  flow  and  aiding  alluvial  valley  floor  and 
floodplain  deposition. 

-  Improvement  of  headwater  storage  potential,  which  can 
result  in  making  water  available  for  release 
throughout  the  year. 

-  Development  of  root  masses  that  stabilize  stream 
banks  against  cutting  action. 

-  Providing  vegetative  cover  adeguate  to  shade  the 
water  and  maintain  water  temperatures  suitable  for 
the  survival  of  fisheries  and  other  aguatic  life. 

Maintenance  of  water  oxygenation  during  the  colder 
winter  months  suitable  for  survival  of  aguatic  life. 

Production  and  maintenance  of  food  chains  which 
include  fish. 

-  Maintenance  of  habitat  to  host  the  food  chain  base. 

-  Production  and  maintenance  of  a  food  supply  and 
habitat  for  non-aguatic  animals. 

Critical  water  sources  for  wildlife  in  many  arid 
areas. 

_  Specific  reclamation  actions  should  restore  the  natural 
functions  of  streams,  including  flood  energy  dissipation,  bank 
building,  sediment  filtering,  water  storage,  and  aguifer 
recharge.   Where  riparian  and  other  wetland  areas  are  in  poor 
condition,  efforts  to  improve  or  enhance  the  riparian  resources 
should  be  made  as  a  part  of  complete  watershed  management. 

Wetland  management  must  be  conducted  within  the  framework 
of  Federal  government  policy,  a  policy  of  "no  net  loss  of 
wetlands".   Reclamation  activities  must  be  conducted  so  as  to 
provide  this  mitigation  for  any  wetlands  disturbed  by  the 
mining  operation.   In  addition,  the  construction  of  wetlands  as 
a  part  of  reclamation  may  provide  mitigation  for  off-site 
losses  of  productive  wetland  areas. 
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C.   WILDLIFE  AND  FISHERIES  MANAGEMENT 

Minimizing  impacts  to  the  wildlife  and  fisheries  resources 
is  an  important  consideration  in  reclamation.   Protection  of 
the  threatened  and  endangered  species  and  their  habitat  is 
provided  for  under  the  Endangered  Species  Act  of  1973,  as 
amendec  (16  IT  s,C.  1531  et  sea. )  .   Where  wildlife  and  fisheries 
habitat  will  be  part  of  the  post-operational  uses,  all  wildlife 
and  fisheries  habitat  reclamation  and  mitigation  procedures 
should  be  described  in  the  approved  plan.   Baseline  data  of  the 
wildlife  and  fisheries  use  will  provide  a  valuable  reference 
for  development  of  the  reclamation  plan.   The  reclamation  plans 
should  include  the  following. 

For  reclamation  to  provide  wildlife  habitat,  emphasis 
should-  be  placed  upon  habitat  features  that  promote  maximum 
vegetative  species  diversity  and  value  following  operations. 
Reclamation  designed  to  produce  a  desirable  mix  of  shrubs, 
grasses,  and  forbs  will  benefit  wildlife.   Leave  buffer  zones 
of  native  vegetation  wherever  possible  to  perpetuate  the 
re-establishment  of  native  species.   Integrate  the  vegetative 
components  and  those  landform  features  required  to  perpetuate 
diverse  and  habitat-sufficient  plant  communities.   To 
accomplish  this,  incorporate  diverse  slopes,  surface 
undulations,  minor  depressions,  swales,  convoluted  drainages 
and  rock  or  brush  piles.   The  reclamation  plan  should  include  a 
statement  of  the  wildlife  and/or  fisheries  reclamation 
objectives. 

Suggested  reclamation  practices  to  enhance  wildlife 
habitat  include  restoration  of  diverse  land  forms,  direct 
topsoil  replacement  to  the  disturbed  or  shaped  areas,  shrub  and 
tree  transplants  and  construction  of  rock  and  brush  piles  and 
water  developments.   See  Figure  XIII-2.   Suggested  reclamation 
practices  to  enhance  fisheries  habitat  include  water  source 
development,  where  necessary,  stream  rehabilitation  which 
emphasizes  diversity  of  habitat  through  stream  morphology  (ie. 
gradient, sinuosity)   which  includes  a  variety  of  fish  habitat 
structures  like  pools,  riffles,  lakes  etc.  as  the  objective. 
See  Figure  XIII-3 .   Riparian  zones  and  wet  meadows  should  be 
protected,  or  the  long  term  impacts  mitigated.   Specific 
impacts,  such  as  the  interruption  of  migration  routes,  loss  of 
critical  species  habitat  and  loss  of  wildlife  production  areas 
should  be  mitigated.   Additional  information  which  may  be 
useful  is  found  in  Chapter  VII,  Sections  F,  I,  and  J. 


Rel.  3-275 
2/7/92 

BLM  MANUAL 


XIII-6 


H-3042-1  -  SOLID  MINERAL  RECLAMATION 

Chapter  13 

Figure    XIII-2 


Figure   XIII-2 
Examples  of  Wildlife  Enhancement 
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Figure   XIII-3 
Examples  of  Fisheries  Enhancements 
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D.  RANGE  MANAGEMENT 

Rangeland  postmining  land  use  is  a  major  land  use  on 
reclaimed  areas  in  the  West.   Rangeland  can  be  defined  as  a 
vegetation  system  established  to  provide  for  food  or  browse  for 
domestic  livestock  and/or  indigenous  wildlife  without  the  need 
for  constant  maintenance.   Rangeland  can  thus  !*>*»  quite  variable 
in  the  type  of  dominant  vegetation:   grasses;  legumes;  forbs; 
shrubs;  or  trees.   Grassland,  steppe,  desert,  or  forest  can  be 
rangeland. 

The  vegetation  established  on  reclaimed  areas  for 
rangeland  use  should  be  compatible  with  surrounding  range. 
Rangeland  restoration  is  basically  no  different  from 
restoration  of  any  other  land  use.   A  reestablished  rangeland 
does  not  necessarily  have  to  match  premining  conditions  species 
for  species  or  density  for  density,  but  should  meet  the 
requirements  set  forth  in  the  reclamation  plan. 

E.  RECREATION  MANAGEMENT 

Recreational  land  can  be  any  land  use  or  combination  of 
land  uses  which  provides  for  a  planned  or  anticipated  use  by 
the  general  public.   Examples  of  recreational  use  include 
hunting,  hiking,  camping,  picnicking,  and  nature  study.   The 
combinations  of  revegetation  systems  and  specific  landform 
reclamation  procedures  useful  for  establishing  recreational 
uses  are  limitless.   In  many  cases  of  postmining  recreational 
land  use,  it  is  desirable  to  establish  a  water  resource.   In 
addition,  a  diverse  mixture  of  plant  types  is  usually  desirable 
for  any  recreational  use.   The  typical  recreational  uses  often 
occur  on  areas  reclaimed  for  other  postmining  uses. 

Planned  uses' for  reclaimed  areas  can  be  tailored  to 
recreation.   These  could  include  railroad  beds  converted  into 
bike  paths  or  off -road  vehicle  trails,  revegetated  mine  roads 
to  be  used  as  hiking  and  nature  study  trails,  and  drill  pads 
reclaimed  for  use  as  campsites.   Many  other  recreational  uses 
for  reclaimed  lands  could  be  included  as  a  part  of  the 
reclamation  plan.   These  recreational  uses  should  be  planned 
taking  into-  account  the  resource  values  present  at  a  particular 
site,  such  as  scenery,  water  resources,  etc. 
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F.  FORESTRY  MANAGEMENT 

Forestry  uses  of  reclaimed  land  can  be  established  for 
commercial  timber  tree  production,  long-term  watershed 
protection,  wildlife  habitat,  recreation,  firewood  production, 
or  any  combination  of  these  or  other  purposes.   A  forestry  use 
will  usually  remain  as  such  for  long  periods  of  time  without 
requiring  intensive  maintenance.   Maintenance  can  be  applied, 
and  in  some  cases  is  very  desirable  for  maintaining  the  quality 
and  vigor  of  the  established  stand. 

Whether  the  intended  forest  is  comprised  of  a  limited 
number  of  species  (as  for  tree  farming)  or  a  wide  diversity  of 
species,  there  is  little  difference  in  the  feasibility  of  the 
reclamation,  provided  the  proper  techniques  and  methods  are 
applied  in  conformance  with  any  existing  timber  management 
plan. 

G.  VISUAL  RESOURCE  MANAGEMENT 

The  BLM  has  a  basic  stewardship  responsibility  to  identify 
and  protect  visual  values  on  public  lands  under  the  authority 
of  FLPMA  and  NEPA.  Actual  reclamation  of  the  site  is  conducted 
in  accordance . with  the  Resource  Management  Plan  and  the 
approved  reclamation  plan.   To  the  extent  practicable  the 
reclaimed  landscape  should  have  characteristics  approximating 
or   compatible  with  the  visual  quality  of  the  adjacent  area 
with  regard  to  location, scale,  shape,  color,  and  orientation  of 
major  landscape  features  and  meet  the  needs  of  the  planned  post 
disturbance  land  use. 

The  visual  management  class  of  a  particular  area  provides 
guidance  for  the  design,  development,  and  reclamation  of  a 
project  in  that  area.   Visual  design  considerations  should  be 
incorporated  into  all  surface  disturbing  activities.   BLM 
Manual  Section  8431  provides  the  process  for  rating  the  visual 
contrasts  for  an  area  and  may  be  useful  in  evaluating  the 
impacts  of  an  operation  and  the  success  of  reclamation. 

The  visual  resource  management  (VRM)  aspects  of  the 
reclamation  plan  should  be  monitored  in  cooperation  with  the 
VRM  Coordinator  in  the  appropriate  field  office.   Further 
information  on  the  VRM  program  can  be  found  in  BLM  Manual 
Sections  8400  (Visual  Resource  Management) ,  8410  (Visual 
Resource  Inventory) ,  843  0  (Application  of  Visual  Resource 
Management  Principles  to  Project  Planning  and  Design) ,  8431 
(Visual  Resource  Contrast  Rating) ,  and  8440  (Environmental 
Assessment) ,  and  in  BLM  Handbooks  H-8410-1  (Visual  Resource 
Inventory)  and  H-8431-1  (Visual  Resource  Contrast  Rating). 
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H.   WILDERNESS  MANAGEMENT 

In  some  cases,  mining  will  be  conducted  in  wilderness 
study  areas  (WSAs) .   Operations  in  WSAs  must  be  reclaimed  to  be 
substantially  unnoticeable  in  the  area  as  a  whole  in  order  to 
meet  the  nonimpairment  criteria  unless  grandfathered  or  valid 
existing  rights  exist.   Reclamation  of  these  operations  must 
ensure  prevention  of  unnecessary  or  undue  degradation  of  the 
environment  and  provide  for  reasonable  measures  to  preserve  the 
wilderness  character  of  the  area.   If  mining  operations  are 
proposed  in  Wilderness  Areas,  the  requirements  for  operational 
constraints  and  reclamation  are  likely  to  be  specific  to  a 
particular  Wilderness  because  of  the  enabling  legislation, 
valid  existing  or  grandfathered  rights.   For  additional 
guidance  refer  to  Manual  Sections  8550  and  3802. 
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-A- 

aeid  mine  drainage:   water  with  a  pH  less  than  6.0  discharged 
from  an  active,  inactive,  or  abandoned  mining  operation. 

acidic:   a  solution  containing  a  high  hydrogen  ion 
concentration  (pH  <  7) . 

akaline:   having  the  qualities  of  a  base  (pH  >  7) . 

alluvial  valley  floor:   the  unconsolidated  stream-laid  deposits 
holding  streams  with  water  availability  sufficient  for 
subirrigation  or  flood  irrigation  agricultural  activities. 

authorized  officer:   any  employee  of  the  Bureau  of  Land 
Management  delegated  the  authority  to  perform  the  duty 
described  in  the  section  in  which  the  term  is  used. 

-B- 

backfillincr:   the  filling  in  of  a  place  from  which  rock  or  ore 
has  been  removed. 

baseline  data:   environmental  or  other  data  used  to 

characterize  an  area  prior  to  the  start  of  any  mining  or 
reclamation  activity. 

basin  relief  ratio:   the  ratio  of  basin  relief  to  basin  length, 
i.e.  the  ratio  of  the  difference  in  elevation  of  the  highest 
and  lowest  points  in  a  stream  drainage  basin  to  the 
horizontal  distance  of  the  straight  line  from  the  mouth  of 
the  drainage  to  the  farthest  point  on  the  drainage  divide  of 
the  basin,  parallel  to  the  principle  drainage  direction. 

bedload  potential:   the  expected  capacity  of  a  stream  to  carry 
materials,  such  as  the  larger  and  heavy  materials  (e.g. 
boulders,  pebbles,  gravel),  immediately  above  the  stream  bed 
by  traction  or  saltation. 

bendway  radius  of  curvature:   the  radius  of  the  inside  curve  of 
a  bend  in  a  stream  or  waterway. 

bendway  shear  stress:  the  shear  stress  created  at  the  outer 
curve  of  a  bend  created  by  the  change  of  direction  of  the 
current  of  a  stream  or  waterway. 

benthic  organisms:   organisms  living  on,  in,  or  at  the  bottom 
of  a  body  of  water. 

berm:   an  artificial  ridge  of  earth. 
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bioremediation  techniques:   the  use  of  introduced  or  native 
organisms  to  minimize  or  correct  pollution  occurrences. 

bladed  areas:   any  area  where  the  original  surface  is  disturbed 
by  mechanical  equipment  such  as  graders,  bulldozers,  or 
front-end  loaders. 

brush  barriers:   sediment  control  structures  made  from 
vegetation  such  as  tree  limbs,  branches,  etc. 

-C- 

casual  use:   activities  ordinarily  resulting  in  only  negligible 
disturbance  of  the  Federal  lands  and  resources.   See  4  3  CFR 
3809.0-5(b) . 

closure:   the  act  of  closing  any  phase  of  a  mining  operation 
where  further  operations  is  not  intended. 

concurrent  reclamation:   reclamation  activities  carried  out  as 
an  integral  part  of  ongoing  mineral  exploration, 
development,  or  extraction  operations. 

conductivity:   the  relative  ability  of  a  material  to  carry  an 
electrical  current. 

convection:   transfer  of  heat  by  means  of  the  upward  motion  of 
the  particles  of  a  liquid  or  gas  that  is  heated  from  below. 

Corps  of  Engineers'  Section  404  Permit:   a  permit  obtained  from 
the  U.S.  Army  Corps  of  Engineers,  as  required  by  Section  404 
of  the  Clean  Water  Act,  necessary  to  conduct  activities 
which  impact  wetlands  or  riparian  areas. 

cover  systems :   designed  structures  or  systems  which  minimize 
or  prevent  the  infiltration  of  surface  or  meteoric  waters. 

crimping:   the  act  of  mechanically  pushing  mulch  into  the  soil 
to  keep  it  in  place. 

cross  valley  dump:   a  waste  disposal  system  designed  to 
traverse  a  valley  perpendicular  to  the  longitudinal 
direction  of  the  valley. 

curved-arc  failures:   failure  of  a  slope  or  highwall  in 

excavated  material  characterized  by  a  curved  escarpment. 
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cut  slope  angle:   angle  from  horizontal  of  the  slope  of  an 
excavation. 

cutoff  trenches:   excavations  designed  to  reduce  the  flow  of 
surface  water  across  otherwise  smooth  surfaces. 

-D- 

debris  slide:   a  small,  rapid  movement  of  largely 

unconsolidated  material  that  slides  downward  to  produce  an 
irregular  topography. 

deoxygenation :   the  process  of  removing  free  oxygen  from  water. 

desalination:   the  process  of  making  potable  water  from  saline 
waters. 

design  storm  event:   the  maximum  probable  precipitation  event 
for  which  structures  are  designed  to  contain  and  manage  the 
associated  surface  and  subsurface  flows  (e.g.  the  24-hour 
storm  event  with  a  likelihood  of  reoccurance  at  10-year 
intervals,  i.e.  the  10-year,  24-hour  storm  event). 

diffusion:   the  permeation  of  one  substance  through  another. 

drainage  density;   the  ratio  of  the  total  stream  lengths  of  all 
stream  orders  with  a  drainage  basin  to  the  area  of  that 
basin  projected  to  the  horizontal  plane. 

drawdown  wells:   wells  that  when  pumped  lower  the  water  table 
or  piezometric  surface  of  an  aquifer. 

drill  seeding:   a  seeding  technique  where  individual  holes  are 
drilled  for  each  seed  or  seed  group. 

drill  hole  site:   surface  locations  where  a  drill  hole  is 
drilled.   This  may  or  may  not  require  excavation  or  pad 
construction . 

drop  structure:   a  hydrologic  structure  designed  to  reduced  the 

sediment  load  of  a  stream  by  allowing  for  controlled 
sedimentation. 


Corrects  Format  in  Glossary 

BLM  MANUAL  Rel.  3-275 

2/7/92 


Glossary,  Page  4 


H-3042-1  -  SOLID  MINERAL  RECLAMATION 
Glossary  of  Terms 


-E- 

earth  flow;   a  rapidly  moving  flow  of  mixed  soil,  rock,  and 
water. 

erosion:   the  group  of  physical  and  chemical  processes  by  which 
earth  or  rock  material  is  loosened  or  dissolved  and  removed 
from  any  part  of  the  earth's  surface. 

eutrophic;   applied  to  a  body  of  water  which  is  rich  in 

dissolved  nutrients  but  has  a  seasonal  oxygen  deficiency  in 
the  stagnant  bottom  waters . 

exploration:   the  removal  of  overburden,  drilling,  trenching, 
construction  of  roads,  or  any  other  disturbance  of  the 
surface  for  the  purpose  of  determining  the  location, 
quantity,  or  quality  of  a  mineral  deposit. 

_F_ 

factor  of  safety:   the  ratio  of  the  available  shear  strength  to 
the  developed  shear  stress  on  a  potential  surface  of  sliding 
determined  by  accepted  engineering  practice.   Also  called 
safety  factor. 

f locculation:   the  gathering  of  suspended  particles  into 
aggregations. 

French  drains:   a  covered  ditch  containing  a  layer  of  fitted  or 
loose  stone  or  other  pervious  material. 

-G- 

gabion:   a  bottomless  wicker  cylinder  or  basket  filled  with 

stones  and  used  in  engineering  to  prevent  erosion  or  to  trap 
sediment.   Gabions  are  usually  constructed  of  open  weave 
metal,  such  as  chain  link  fencing. 

qeotextile:   any  of  a  number  of  plastic,  rubber  or  other 

synthetic  compounds  which  are  used  either  as  a  cushion  or 
drain  layer  in  liner  systems. 

ground  water:   water  at  or  below  the  water  table,  used  in  a 
broad  sense  to  include  all  water  beneath  the  surface  of  the 

earth . 
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growth  medium:   soil  or  other  material  capable  of  supporting 
plant  grovth. 

-H- 

hazardoua  waste:   a  waste  material  which  presents  some 

toxicological  or  mutagenic  hazard  to  humans  or  animals. 

head  of  valley  dump:   a  waste  disposal  system  constructed  at 
the  narrowest  end  of  a  valley. 

headgate:   a  Watergate  or  floodgate  of  any  race  or  sluice. 

heavy  metal  pollution:   contamination  of  surface  or  ground 
water,  soil,  or  other  material  by  cations  or  compounds  of 
metals  such  as  lead,  arsenic,  mercury,  etc. 

hiqhwall:   the  unexcavated  face  of  exposed  overburden  or  ore  in 
an  opencut  of  a  surface  or  for  entry  to  an  underground  mine. 

hydraulic  scouring:   the  erosion  of  the  bed  or  bank  of  a 
waterway  by  the  action  of  flowing  water. 

-I- 

incendive  temperature  potential:  the  temperature  of  the  spark 
generated  by  a  particular  material  when  struck.  The  higher 
the  temperature,  the  more  likely  that  the  spark  will  create 
an  ignition  of  flammable  material. 

infiltration:  the  act  or  process  of  passing  into  or  through  a 
substance. 

interim  reclamation:   reclamation  conducted  during  temporary 
periods  of  operational  cessation  or  shutdown.   In  general, 
interim  reclamation  is  not  adequate  for  permanent  closure  of 
an  operation. 

interim  shutdown:   a  temporary  closure  of  an  operation  or 

cessation  of  activity  for  a  short  (less  than  1  year)  period. 

-L- 

leach  pads:   mineralized  material  stacked  so  as  to  permit 

wanted  minerals  to  be  effectively  and  selectively  dissolved 
by  application  of  a  suitable  solute. 
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leachate:   liquid  that  has  percolated  through  the  soil  or  other 
medium.   A  solution  obtained  by  leaching. 

leaching:   extracting  a  soluble  compound  from  an  ore  by 
selectively  dissolving  it  in  a  suitable  solvent. 

liner:   a  layer  of  impervious  material  placed  in  a  ditch  or 
pond  to  prevent  leakage. 

-M- 

microclimate:   the  climatic  conditions  of  a  small,  generally 
restricted,  area. 

mill  effluent:   a  liquid,  solid,  or  gaseous  product,  frequently 
waste,  discharged  from  a  mineral  processing  facility. 

mining-:   the  science,  technique,  and  business  of  mineral 
discovery  and  exploitation. 

moisture  barrier:   an  impermeable  material  or  structure 
designed  to  prevent  the  inflow  of  water  or  aqueous 
solutions. 

moisture  retention  zone:   a  material  or  structure  designed  to 
capture  and  store  water  or  aqueous  solutions. 

mulch:   a  covering,  as  of  straw,  leaves,  manure,  etc.,  spread 
or  left  on  the  ground  around  plants  to  prevent  excessive 
evaporation  or  erosion,  enrich  the  soil,  etc. 

-N- 

National  Pollutant  Discharge  Elimination  Standards  (NPDES) 

Permit:   a  permit  obtained  from  EPA  or  an  implementing  State 
agency  governing  point  source  discharges  of  water  or  aqueous 
solutions  into  the  waters  of  the  United  States  under  Clean 
Water  Act  authorities. 

neutralization:  process  by  which  acid  is  added  to  an  alkaline 
solution  or  an  alkali  to  an  acid  solution  until  they  become 
neutral . 

neutralization  potential:   a  measure  of  the  relative  ease  by 
which  a  solution  may  be  neutralized. 
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-O- 

open  pit:   a  form  of  mining  operation  designed  to  extract 

minerals  that  lie  near  the  surface.   Waste  or  overburden  is 
first  removed  and  the  mineral  is  broken  and  loaded. 

operations:   activities  conducted  for  the  purpose  of 

prospecting,  exploration,  extraction,  or  other  exploitation 
of  a  mineral  or  minerals.   Operations  also  include 
reclamation  and  closure  activities. 

order  1  and  2  streams:   order  1  streams  are  the  smallest, 

unbranched  streams  in  a  drainage  basin.   Order  2  streams  are 
formed  by  the  confluence  of  two  Order  1  streams. 

overburden:   material  of  any  nature,  consolidated  or 
unconsolidated  that  overlies  a  mineral  deposit. 

-P- 

permanent  stream  channels:   natural  drainages  containing 
persistent  streams. 

permeability:   a  measurement  of  the  degree  to  which  water  or 
other  fluid  will  pass  through  a  substance. 

pH:   the  symbol  for  the  logarithm  of  the  reciprocal  of  hydrogen 
ion  concentration  in  gram  atoms  per  liter.   A  measure  of  the 
relative  acidity  or  alkalinity  of  a  solution,  with  lower 
numbers  (<7)  being  acidic  and  higher  numbers  (>7)  being 
alkaline. 

phytotoxic:   poisonous  to  plants. 

pit:   an  excavation  made  on  the  surface  of  the  earth. 

precipitation:   falling  products  of  condensation  in  the 
atmosphere,  as  rain,  snow,  or  hail. 

prospecting;:   any  casual  use  activity  directed  towards  locating 
a  mineral  deposit. 

pure  live  seed:   a  measure  of  the  percentage  of  seeds  of  the 
desired  species  which  will  germinate  out  of  the  total  seeds 

in  a  mixture. 
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-R- 

reagent:   a  substance  that,  because  of  the  reactions  it  causes, 
is  used  in  analysis  and  synthesis. 

reclamation:   those  actions  taken  to  restore  mined  land  to  a 
post-mining  use  approved  by  the  authorized  officer. 

reclamation  bond:   a  financial  guarantee  of  cash  or  an  approved 
surety  held  by  the  BLM  or  other  regulatory  or  surface 
management  agency  to  ensure  proper  reclamation  is  completed. 

reclamation  plan:   a  document  containing  the  specific 

procedures  and  techniques  to  be  used  to  reclaim  a  site, 
which  is  approved  by  or  submitted  to  BLM  and/ or  any  other 
surface  management  agency.   A  reclamation  plan  is  an 
integral  part  of  a  mine  plan,  exploration  plan,  plan  of 
operations,  notice,  or  permit,  but  can  be  prepared  as  a 
separate  document. 

regrading/grading:   shaping  of  the  surface  of  an  area  disturbed 
by  mining  to  prepare  the  area  for  reclamation. 

revegetation :   reestablishment  of  vegetative  cover  on  a 
disturbed  area. 

rill:   a  small  erosive  feature  caused  by  the  channeling  of 
water  on  slopes 

riparian  area:   a  form  of  wetland,  transitional  between 
permanently  saturated  wetlands  and  upland  areas.   They 
include  the  vegetative  zones  along  the  banks  of  rivers  and 
streams  and  around  springs,  bogs,  wet  meadows,  lakes  and 
ponds. 

ripping:   the  act  of  mechanically  breaking  compacted  soils  or 
rock  to  facilitate  excavation. 

rock  filters:   sediment  trapping  structures  constructed  of 
various  sized  rocks. 

rock  stilling  basins:   a  particular  type  of  sediment  trap 
constructed  of  rock. 
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-S- 


scarif ied: 
device, 


loosened  with  a  cultivator  or  other  mechanical 


• 


sediment  ponds:   any  natural  or  artificial  structure  or 
depy.&rslon  used  to  remove  solids  from  water  and  store 
sediment  or  other  debris. 

sediment  barrier:   any  natural  or  artificial  structure  used  to 
remove  solids  from  streams  or  drainages. 

sediment  trap:   any  natural  or  artificial  depression  used  to 
remove  solids  from  streams  or  drainages. 

seedbed:   topsoil  or  other  suitable  growth  medium  which  has 
been  prepared  for  seeding  by  working  and  by  addition  of 
necessary  amendments. 

side-cast  material:   the  material  which  is  removed  from  an 

excavated  area  by  pushing,  blasting,  or  using  other  methods, 
and  is  disposed  of  adjacent  to  the  excavated  area. 

sidehill  dump:   a  waste  disposal  method  in  which  the  waste 
material  is  placed  on  the  outslope  of  a  natural  hi  1,1. 

silt  retention  ponds:   a  sediment  pond  designed  to  store  small 
-sized  (silt)  sediments. 

siltation:   small  sized  sedimentary  particles  carried  by 
surface  runoff  and  redeposited. 

slime  ponds:   a  reservoir  of  any  kind  into  which  slimes  are 
conducted  in  order  that  they  may  have  time  to  settle  or  in 
which  they  may  be  reserved  for  subseguent  treatment. 

slope:   average  inclination  of  a  surface,  measured  from  the 

horizontal. 

soil:   the  unconsolidated  natural  surface  material  present 
above  bedrock;   it  is  either  residual  in  origin  (formed  by 
the  in-place  weathering  of  bedrock)  or  it  has  been 
transported  by  wind,  water  or  gravity. 

spoil :   overburden  or  other  waste  material  removed  during 

mining. 
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spoil  piles:   the  area  where  mine  waste  or  spoil  materials  are 
disposed  of  or  stored. 

sprigging:   a  method  of  planting  trees  or  shrubs  using  only 
small  branches,  or  sprigs,  of  the  plant. 

stooling:   a  growth  pcttern  of  some  plants,  especially  grasses, 
where  new  shoots  are  produced  directly  from  the  roots  in  a 
cluster. 

subsoil  drainage  system:   a  natural  or  artificial  drainage 
established  under  the  ground.   Such  systems  are  often 
necessary  to  establish  the  proper  moisture  level  in  the 
surface  growing  medium  and  to  prevent  erosion  from  excessive 
surface  runoff.   Such  systems  are  also  necessary  to  allow 
proper  aquifer  recharge. 

surface  water  runoff  control  plan  (also  called  a  storm  water 
management  plan) :    a  plan,  or  portion  of  a  larger  plan, 
which  addresses  the  issue  of  surface  runoff  of 
meteorological  waters.   This  plan  is  often  a  part  of  the 
required  plans  for  an  NPDES  permit. 

surface  mining:   mining  at  or  near  the  surface.   Also  called 
strip  mining,  placer  mining,  opencast  or  opencut  mining,  and 
open-pit  mining. 

suspended  solids:   solid  material  that  can  be  separated  from  a 
liquid  by  filtration. 

-T- 

tackif ier:   a  material  added  to  a  hydroseeding  or  hydromulching 
mix  to  make  the  mix  sticky  and  thus  improve  the  chances  of 
adherence  of  the  mix  to  the  soil  or  other  growth  media. 

tailings:   the  inferior  leavings  or  residue  of  any  mine  product 
after  most  of  the  valuable  ore  has  been  extracted. 
Generally  refers  to  mill  effluent. 

toxic  substances:   refers  to  any  substance  that  has  a  poisonous 
effect  on  a  form  of  animal  or  plant  life. 

turbidity:   the  state  .or  condition  of  having  the  transparency 
or  translucence  disturbed,  as  when  sediment  in  water  is 
stirred  up. 
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vallev  leach:   a  leach  pad  which  is  constructed  so  as  to  fill 
or  partially  fill  a  valley. 

visual  resource  management:   BLM  system  to  classify  the 

landscape  into  visual  resource  classes,  each  of  which  has  a 
specific  management  prescription. 

-W- 

waste  embankments :   Slopes  composed  of  discarded  overburden  or 
other  waste  material  as  a  part  of  some  dump  or  pond 
structure. 

water  bars:   combination  of  ditches  and  barriers  to  direct 
flowing  water  off  of  a  disturbed  area. 

wetland  area:   area  adjacent  to  and  influenced  by  streams, 
springs,  lake  shores,  marshes,  potholes,  swamps,  muskegs, 
lake  bogs,  wet  meadows  and  esturine  areas. 
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SOIL       STABILIZATION 


•  Water  holding  capacity  (oven  dried 
basis,)  minimum  1.0  gai/lb  of  fiber  (850g 
H20/100g  fiber). 

•  The  mulch  shall  be  mixed  with  seed 
and  fertilizer  as  specified  and  applied  at  a 
rate  recommended  by  the  manufacturer  in 
order  to  achieve  uniform,  effective  coverage 
and  provide  adequate  distribution  of  seed. 

For  enhanced  performance,  apply  seed 
and  mulch  in  a  two  or  three-stage  process. 

Two  Step  Method: 

1.  Apply  seed,  at  recommended  rate,  and 
half  the  recommended  mulch,  750  lbs/ac 
(840  kg/ha),  as  a  slurry.  This  first  step  assures 
maximum  seed  to  soil  contact. 

2.  Apply  the  remaining  recommended 
mulch  750  lbs/ac  (840  kg/ha),  with 
recommended  tackifier  and  fertilizer. 
Polymer  tackifiers  are  applied  at  rates  of  40- 
60  lbs/ac  (44-67  kg/ha)  and  organic  tackifiers 
at  a  rate  of  80-120  lbs/ac  (89-135  kg/ha). 

Three-Step  Straw  Mulch  Method,  for  steep 
and  critical  erosion  sites: 

1 .  Apply  seed  hydraulically  in  a  slurry  with 
500  lbs/ac  (600  kg/ha)  hydraulic  mulch. 

2.  Followed  by  the  application  of  straw 
mulch  at  a  rate  of  1  T/ac  (2250  kg/ha). 

3.  Fertilizer,  tackifier  and  the  remaining 
hydraulic  mulch,  500-750  lbs/ac  (600-850 
kg/ha)  minimum,  is  then  applied. 

Inspection  and  Maintenance: 

If  properly  applied  and  anchored,  little 
additional  maintenance  is  required  during 
the  first  few  months.  After  high  winds,  or 
significant  rainstorms,  mulched  areas  should 
be  checked  for  adequate  cover  and 
re-mulched  if  necessary.  Mulch  needs  to  last 
until  vegetation  develops  to  provide  perma- 
nent erosion  resistant  cover.  Straw  mulch  can 
last  from  6  months  to  3  years.  Erosion  control 
blankets  are  effective  for  up  to  two  years. 

Source: 

John  McCullah  -  CPESC;  Carol  Forrest  - 
CPESC;  Michael  Harding  -  CPESC;  North 
Carolina  Erosion  and  Sediment  Control 
Planning  and  Design  Manual;  Tahoe 
Regional  Planning  Agency,  Water  Quality 
Management  Plan  for  the  Lake  Tahoe  Region 
Volume  II;  Delaware  Erosion  and  Sediment 
Control  Handbook;  California  Storm  Water 
Handbook,  1993;  Wood  Recycling,  Inc.;  Billy 
Spittle  and  Kevin  Enterprises,  Inc.,  Product 


Information;  Weyerhaeuser  Engineered  Fiber 
Products,  Product  Information.  L€*W 
Reprinted  from  "Erosion  Draw  2.0,  Erosion 
and  Sediment  Control  Manual  for  Computer  - 
Aided  Drafting".  Erosion  Draw  2.0  is 
designed  so  that  product  information  and 
specifications  are  at  your  fingertips. 


For  more  information  or  to  order  a  copy 
of  Erosion  Draw  2.0,  contact John  McCullah, 
President.    Salix   Applied   Earthcar, 
3141  Bechelli  Lane,  Redding,  CA   960d 
(916)224-0878,  fax  (916)224-0879,  e-mai 
wwiv.erosioyidraw.com 


m 


Engineered  Surface  Drainage  Products 

A  complete  line  of  inline  drains  and  drain  basins. 


Custom  Made  To  Your  Specifications 


__ 


ftwftj  .   '■ 


'  proven  their  superiority  and  cost 
"efficiency  in  a  wide  variety  ofjapplioatfons, 
-suGh-as^ommereiafHrrclOsltrial,  Landscaping, 
Athletic  Complexes,  Government,  Recreation-    ». 
^and  Golf  Course  Drainage  Systems.  -  "" 

Jeavy-duty  PVC  featuring  cast  iron  grates 
and  watertight  adapters. 


vm 


W  m 


NEW  literature  and 
FREE  CAD  disk 
with  engineering 
details  available. 


Nyloplast  manufactures  a  full  line  of  PVC 
fittings  for  underground  applications. 


yloplast 


Fitting  Solutionstfor 

Underground  targe 
Diameter  Pip--  Systems 


)Cd,  Georgia -3051  £ 


d£0; 


For  More  Information,  Circle  #35 


Land  and  Water 


January/Februaiy  1998  »35 


SOIL        STABILIZATION 


•  Applications  of  liquid  mulch  binders 
shall  be  heavier  at  edges,  in  valleys,  and  at 
crests  of  banks  and  other  areas  where  the 
mulch  may  be  moved  by  wind  or  water.  All 

.  other  areas  shall  have  a  uniform  application 
ofthetackifier. 

Wood  chips  or  Bark 

•  Apply  at  a  rate  of  approximately  6 
tons/acre  (1300  kg/ha)  or  275  lbs/1,000  ft2 
(125  kg/93  m2). 

.  The  mulch  should  be  evenly  distributed 
across  the  soil  surface  to  a  depth  of  2-3 
inches  (50-75  mm). 

•  If  decomposition,  soil  building  and 
revegetation  is  desirable,  increase  the  appli- 
cation rate  of  nitrogen  fertilizer  by  20  lbs.  of 
N/acre  (22  kg/ha),  to  compensate  for  the 
temporary  diversion  (loss)  of  available  N  to 
the  soil  microbes. 

Hydraulic  Mulches  from  Recycled  Paper 

This  mulch  is  made  from  recycled 
newsprint,  magazine,  or  other  waste  paper 
sources.  This  type  of  mulch  is  to  be  mixed  in 
a  hydraulic  application  machine  (hydroseed- 
er)  and  applied  as  a  liquid  slurry  which 


contains  the  recommended  rates  of  seed  and 

fertilizer  for  the  site.  It  can  be  specified  with 

or  without  a  tackifier. 

.      Apply  at  rate  of  1500-2000  lbs/ac  (1700- 

2200  kg/ha),  mixed  with  seed  and  fertilizer, 

at  recommended  rates,  in  order  to  achieve 

uniform,  effective  coverage. 

•      Paper  mulch  used  to  tack  and  bind 

straw  mulch  can  be  specified  at  a  lower  rate, 

750  lbs/ac  (850  kg/ha). 

Hydraulic  Mulches  from  Wood  Fiber 

This  type  of  mulch  is  manufactured 
from  wood  waste.  This  type  of  mulch  is  also 
to  be  mixed  in  a  hydraulic  application 
machine  (hydroseeder)  and  applied  as  a 
liquid  slurry  which  contains  the  recommend- 
ed rates  of  seed  and  fertilizer  for  the  site.  A 
wood  fiber  mulch  can  be  manufactured 
containing  a  tackifier  in  each  bag  or 
specified  without  a  tackifier. 

Hydraulic  Mulches  from  Wood  and  Paber 

Fiber 

These  combination  mulches  are  gener- 
ally comprised  of  70%  wood  fiber  and  30% 
paper  fiber,  manufactured  from  lumber  mill 
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waste,  virgin  wood  chips,  recycled 
newsprint,  office  paper  and  other  waste 
paper.  The  mulch  is  mixed  in  a  hyj"- 
applicating  machine  (hydroseedt 
applied  as  a  slurry  in  combination  wiuT 
recommended  seed  and  fertilizer.  The  mulch 
can  be  specified  with  or  without  a  tackifier. 


er  waste 

£$ 
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Recommendations:  Wood,  paper  or  combi- 
nation fiber  mulches  are  typically  applied 
with  a  hydraulic  applicator  (hydroseeder)  at 
a  minimum  rate  of  1500  lbs/ac  (1681  kg/ha). 

A  typical  construction  specification  and 
application  for  mulch  is  as  follows: 

•  Moisture  content  (total  weight  basis)  not 
to  exceed  12%  +/-  3%. 

•  Organic  matter  content  (oven  dry 
weight  basis)  is  98%  minimum. 

•  Inorganic  matter  (ash)  content  (oven 
dried  basis)  2%  maximum. 

•  pH  at  3%  consistantly  in  water  should 

be  4.9. 

.      Fiber  shall  be  dyed  to  aid  visual 

metering  during  application.  The  dye  shall 

be  biodegradable  and  shall  not  inhibit  plant 

growth 


BIOSC* 


THE  NATURAL 
CHOICE  IN  FERTILIZER 


100%  natural 
organic  based 
fertilizer  is 
proven  effective 
even  at  high 
altitudes 
and  with  little  or 
notopsoil. 
Safe  and  easy 
to  use. 


Call  or  write: 
970/926-1025 
P.O.  Box  608 
Edwards,  C1 
Web  site:  www.biosol 
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it  is  incorporated  into  the  soil  by  tracking, 
disking,  or  other  'punching  in'  techniques.  If 
the  straw  is  applied  at  rates  higher  than  3 
tons/acre  (7  tons/ha),  the  mulch  may  be  too 
dense  for  the  sunlight  and  seedlings  to 
1  penetrate. 

Prior  to  mulching,  install  any  needed 
erosion  and  sediment  control  practices  such 
as  diversions,  grade  stabilization  structures, 
berms,  dikes,  grass-lined  channels  and 
sediment  basins. 

•  Obtain  clean  wheat,  barley,  oat,  or  rice 
straw  in  order  to  prevent  the  spread  of 
noxious  weeds.  Avoid  moldy,  compacted 
straw  because  it  tends  to  clump  and  is  not 
distributed  evenly. 

•  The  straw  shall  be  evenly  distributed  by 
hand  or  machine  to  the  desired  depth  of  2-4 
inches  (50-100  mm)  and  should  cover  the 
exposed  area  to  a  uniform  depth. 

•  Approximately  one  bale  (approximately 
80  lbs.  (35kg)  of  straw  covers  1000  ft2  (93  m2) 
adequately.  The  soil  surface  should  be  barely 
visible  through  the  straw  mulch.  On  steep  or 
high  wind  sites,  straw  must  be  anchored  to 
keep  it  from  blowing  away. 

.  For  seeded  sites  apply:  1.5-2  tons/acre 
(3300-4500  kg/ha),  1-2  inches  (25-50  mm) 


deep,  covering  80%  of  the  soil  surface. 
•      For  unseeded  sites:  2-3  tons/acre  (4500- 
6700  kg/ha),  2-4  inches  (50-100  mm)  deep, 
covering  90%  of  the  soil  surface. 

Anchoring 

Mulch  must  be  anchored  immediately  to 
minimize  loss  by  wind  or  water.  Straw  mulch 
is  commonly  anchored  by: 
»      crimping,  tracking,  disking,  or  punching 
into  the  soil;  or 

•  covering  with  a  netting;  or 

•  spraying  with  asphaltic  or  organic 
tackifier;  or 

•  tacking  with  cellulose  fiber  mulch  at  a 
rate  of  750  lbs/ac  (8404g/ha). 

Crimping: 

•  On  small  sites,  where  straw  has  been 
distributed  by  hand,  it  can  be  anchored  by 
hand  punching  it  into  the  soil  every  1-2  feet 
(0.3-0.6  m)  wife  a  dull,  round-nosed  shovel. 
A  sharp  shovel  will  merely  cut  the  straw  and 
not  anchor  it. 

•  A  mulch  anchoring  tool  is  a  tractor 
drawn  implement  designed  to  punch  and 
anchor  mulch  into  the  top  2-8  inches  (50-200 
mm)  of  soil.  This  practice  affords  maximum 


erosion  control  but  is  limited  to  flatter  slopes 
where  equipment  can  operate  safely. 
.  Tracking  is  the  process  of  cutting  strav. 
into  the  soil  using  a  bulldozer  or  1* 
■equipment  that  runs  on  cleated  t?^ 
Tracking  is  used  primarily  on  slopes  3:1  or 
shallower;  where  this  type  of  equipment  can 
safely  operate.  This  is  an  effective  way  to 
crimp  straw  on  fill  slopes.  Tracking  equip- 
ment must  operate  up  and  down  the  slope 
so  the  cleat  tracks  are  perpendicular  to  flow. 

Nettings: 

•  Nettings  of  biodegradable  paper,  plastic 
or  cotton  netting  can  be  used  to  cover  straw 
mulch.  Netting  should  be  specified 
judiciously  since  birds,  snakes  and  other 
wildlife  can  get  trapped  in  the  nettings. 

Tackifiers: 

.  Polymer  tackifiers  are  generally  applied 
at  rates  of  40-60  lbs/ac  (44-67  kg/ha),  howev- 
er manufacturers  recommendations  may 

vary. 

•      Organic  tackifiers  are  generally  applied 

at  rates  of  80-120  lbs/acre  (897-134.5  kg/ha). 

however  manufacturer's  recommendations 

vary. 
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SOIL        STABILIZATION 


Mulching  as  a  Best 
Management  Practice 


DEFINITION:  Mulching  is  the 
application  of  a  protective  layer  of  straw  or 
other  suitable  material  to  the  soil  surface. 
Straw  mulch  and/or  hydromulch  is  also  used 
in  conjunction  with  seeding  and  hydroseed- 
ing  of  critical  areas  for  the  establishment  of 
temporary  or  permanent  vegetation. 
Mulching  with  straw  or  fiber  mulches  is 
commonly  used  as  a  temporary  measure  to 
protect  bare  or  disturbed  soil  areas  that  have 
not  been  seeded. 

Purpose:  To  temporarily  stabilize  bare 
and  disturbed  soils,  to  protect  the"  soil  surface 
from  raindrop  impact,  to  increase  infiltration, 
to  conserve  moisture,  to  prevent  soil  com- 
paction or  caisting,  and  to  decrease  runoff. 
Mulching  also  fosters  growth  of  vegetation 
by  protecting  the  seeds  from  predators, 
reducing  evaporation,  and  insulating  the  soil. 

Design  Considerations:  Mulch  can  be 
applied  to  any  site  where  soil  has  been 
disturbed  and  the  protective  vegetation  has 
been  removed.  The  most  common  use  of  a 
mulch  is  to  provide  temporary  stabilization 
of  soil,  usually  until  permanent  stabilizing 
vegetation  is  established.  Where  mulches  are 
used  to  compliment  vegetation  establish- 
ment, they  should  be  designed  to  last  as  long 
as  it  takes  to  establish  effective  vegetative 
erosion  control. 

Where  mulches  are  used  as  surface 
cover  only  (i.e.  bark,  wood  chips,  or  straw 
mulch  cover)  the  serviceable  duration  of  the 
application  and  maintenance  requirements, 
including  augmentation  or  replication  should 
be  specified. 

On  steep  slopes,  greater  than  2.5:1,  or 
where  the  mulch  is  susceptible  to  movement 
by  wind  or  water,  the  mulch  material  should 
be  hydraulically  applied  or  the  straw  mulch 
should  be  appropriately  anchored.  Hydraulic 
fiber  mulches  and/or  tackifying  agents  are 
used  effectively  to  bind  the  straw  together 
and  prevent  displacement  by  wind  or  rain. 

Construction  Specifications: 
Erosion  Control  Blankets 

Erosion  control  blankets  are  typically 


made  from  straw,  coconut  fiber,  excelsior  or 
synthetic  material  that  is  enveloped  in  plastic 
or  biodegradable  netting.  Erosion  control 
blankets  are  suited  for  post-construction  site 
stabilization,  but  may  be  used  for  temporary 
stabilization  of  highly  erosive  soils.  Erosion 
control  blankets  are  suitable  for  steep  slopes, 
stream  banks  and  where  vegetation  will  be 
slow  to  establish.  Blankets  and  mats  may  be 
used  in  channels  where  water  velocities  3 
ft./sec.  (3  km/hr)  and  6  ft./sec.  (7  krn/hr)  is 
likely  to  wash  out  new  vegetation. 

Erosion  control  blankets  made  of 
excelsior,  coconut,  or  straw  must  be  stapled 
to  the  surface  especially  in  waterways  and  on 
steep  slopes. 

•  Prepare  site  prior  to  blanket  installation. 
Grade  and  slope  to  the  approved  design  and 
complete  any  runoff  control  such  as 
diversions,  berms  or  dikes  prior  to  blanket 
installation. 

•  Fertilize  and  seed  in  accordance  with 
seeding  specifications  prior  to  blanket 
installation.  The  friable  seed  bed  should  be 
free  of  rocks,  clods  or  roots. 

•  Make  sure  all  blankets  are  in  uniform 
contact  with  the  soil. 

•  Make  sure  all  lap  joints  are  secure  and 
staples  are  flush  with  the  ground.  Follow 
manufacturer's  recommendations  for  secur- 
ing and  stapling  blankets. 

•  Plant  vines,  ground  covers,  shrubs  and 
other  erosion  control  plants  after  installation. 

Straw 

Straw  is  an  excellent  mulch  material. 
Because  of  its  length  and  bulk,  it  is  highly 
effective  in  reducing  the  impact  of  raindrops 
and  in  moderating  the  microclimate  of  the 
soil  surface.  Straw  mulch  can  be  applied  by 
hand  on  small  sites  and  blown  on  by 
machine  on  large  sites.  Straw  blowers  have  a 
range  of  about  50  feet  (15  m).  Some 
commercial  models  advertise  a  range  up  to 
85  feet  (25.9  m)  and  a  capacity  of  15  tons/hr 
(14,000  kg/hr). 

Mulch  should  not  be  applied  more  than 
2  inches  (5  cm)  deep  on  seeded  sites,  unless 
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mechanical  broadcasting,  and  hydraulic 

application.    By  far,  the  most  effective 

technique  is  drilling  as  this  places  the  seed 

iih  the  soil  profile  at  depths  advantageous  to 

ensure  germination  and  seedling  vigor.  It  is 

important  to  drill  the  seed  1/4  to  1/2  inch 

(5-10  mm)  into  the  surface  to  prevent 

germinating  seed  from  dying  out.  The 

seedbed  bed  should  be  firm  to  ensure 

adequate  moisture  holding  capacity. 

Broadcasting  and  hydraulic  seed  dis- 
persion requires  twice  the  amount  of  seed 
and  may  not  create  an  optimum  growth 
medium  for  seedlings.    Higher  application 
rates  may  also  be  required  when  dealing 
with  poor  quality  sods  compared  to  favor- 
able soil  types.   When  broadcasting,  the 
likelihood  of  wind,   water  or  other 
natural  factors  transporting  seed  off  site  is 
dramaticaUy  increased.    The  importance  of 
protection  provided  by  RECPs  becomes 
apparent  immediately  with  this  type  of  seed- 
ing.   However,  broadcasting  is  the  least 
expensive  and  fastest  seeding  method. 

In  general,  the  best  season  to  plant  is 

just  prior  to  the  season  that  receives  the 

-  most  reliable  precipitation  (usually  spring  or 

falO^-The  planting  window  can  be 


expanded  in  the  event  that  supplemental 
moisture  isayailabi^;to  ensure  plant  growth 
needs.    Typicallpperennial  grasses  in 

^COC^i|tr^Si^ii^:I#?^ed  in  ** 
fall.'  Legumes' and  woody  plants  do  best 
when  planted  in '.the  spring  and  some 
annals  thrive  when  planted  in  mid  to  late 
summer. 

Specification  and  Installation  of  Rolled 
Erosion  Control  Products 

The  use  of  good  construction  proce- 
dures and  quality  materials  is  beneficial 
to  all  parties  involved  -  the  contractor, 
engineer,  owner  and  regulator.   Whether  it 
be  a  waste  containment  expansion  or  a  road 
rehabilitation  project,  the  selected  engineer- 
ing products  must  meet  specification  and  be 
installed  in  a  proper  manner.  This  especial- 
ly true  with  newer  construction  materials 
such   as  TRMs,'  which   have   limited 
recognized  test  standards  and  even  fewer 
laboratories  to  perform  these  tests  "conect- 
ly."    ISO  9002  and  the  Geosynthetics 
Accreditation  Institute-Laboratory 

Accreditation  Program  (GAI-LAP)  are  two 
methods  of  prequaUfying  RECPs  for  a  con- 
struction project 
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Dealer  or  more  information,  please  call. 


Reinco,  Inc. 

P.O.  Box  512 
Plainfield,  NJ  07061 


Phone- (800)  526-7687    •    http//www.reinco.com 
Fax:(908)755-6379  •  E-mail:  sales@reinco.com 


For  More  Information,  Circle  #35 


The  installation  of  RECPs  is  critical. 

The  product  must  be  installed  in  intimate 

contact  with  a  relatively  smooth  subgrade 

and  anchored.   Detailed  instalhtiqn^ir^ruc 

tions  should  be  obtained;  frpmlihS. 

manufacturer.    Once  vegetation  Werner! 

must  be  maintained  in  order  to  maximize"! 

appearance,  effectiveness  and  health.    This 

may  include  combinations  of  supplemental 

irrigation,  periodic  application  of  herbicides 

to  control  growth  in  right-of  way,  mowing, 

etc.  UfW 

Revised  reprint  from  IECA  Conference  30. 

For  more  information,  contact  Daniel 
Hunt,  Synthetic  Industries,  800^21-0444  or 
Bill  Agnew,  REVEG  Environmental 
Consulting,  (801)7684422.  For  a  list  of  ref- 
erences regarding  "Guidance  for  Vegetation 
Selection",  call  Land  and  Water,  (515)576- 
3191.  "!Z~.        \» 
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Tree Planters 

3  Models 
Plant  4"  to  4' 

Many  Options 

Tailored  to  Fit 
Your  Needs 

Planting  Gels  & 
Spuds 

Tele:  715-335-4448 

Fax:715-335-4442 

E-mail:  dtfdetco@uniontel.net 

Web  page:  www.detcodtf.com 

Plainfield,  Wl  54966 
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Table  1  .Continued. 


Zones  of 
Adaptation 
(Figure  1) 


Species 


Retardance 
Class       


Typical  Applications 


Slope   Channel    Bank    Pipe 


Alkaline  Tolerant  Grasses  Con't 

5,6  Streambank  wheatgrass    E-A 

1 ,2,5,6,7  Tall  wheatgrass  A 

1 ,2,3,5,6,8  Western  wheatgrass  C-A 

5,6,8  Alkali  cordgrass  A 

5,6  Basin  wildrye  A 

1 .2.5.6.7  Canada  wildrye  A 
5,6,8  Saltgrass  E-A 
5,6  Russian  wildrye  C-A 
5,6,7,8  Alkali  grass  E-A 

1 .2.5.6.8  Slender  wheatgrass  C-A 

Grasses  and  Legumes  Tolerant  of  Moist  Soils 
1,2,3,5,6,7,8  Alsike  clover 
5,6,8  Alkali  cordgrass 

1 ,2,3,7  Reed  canarygrass 

1.2.5.6.7  Colonial  bentgrass 

1 .2.5.7.8  Creeping  bentgrass 
1,2,3,7  Poatrivialis 
1 ,5,6,7           Creeping  foxtail 
1 ,5,6,7           Meadow  foxtail 
1 ,2,5,6,7        Perennial  ryegrass 

Legumes 

1,2,5,6,7        Crown  vetch 
V^^&^L Birdsfoot  treefoil '.,' 
2,3,8  T; 7     Sericea  lespedeza 
1^,3,5,6^8  ;White  clover  r 
1.,2,3lS,6i7S\  Alsike  clover" '■"!}'  ''■  Tl! . 
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Retardance  Class:  A  is  24  inches  or  taller;  Bis  12-24  iciiiif  C^Wincfies;  " 
D  is  2-6  inches;  E  is  2  inches  or  shorter 

Climatic  Zones:  1  Cool-Humid;  2  Cool-Warm i  Season  Transition;  3  Warm-Humid; : 
4  Tropical;  5  Cool  Semi-Arid  Plains;  6  Semi-Arid  Inter-Mountain; 
7  Cool-Humid;  8  Warm-Arid 


assist  in  providing  good  soil  health  and 
structure  while  tying  up  concentrated  ele- 
ments that  may  be  harmful  to  plants.  For  a 
nominal  fee,  many  local  extension  offices 
will  perform  a  sod  analysis  and  provide  soil 
amendment  recommendations  based  on  the 
sample  provided  to  them. 

In  areas  where  vegetation  is  slow  to 
germinate  or  may  be  sparse  due  to  climatic 
challenges,  the  permanent  nature  and 
enhanced  performance  of  TRMs,  becomes 
the  primary  design  consideration.  For 
permanent  protection,  a  TRM  must  endure 
as  an  integral  part  of  the  substrate  for 
reinforced  vegetation  systems.  Organic 
materials  prove  to  be  unsuitable  for 
permanent  turf  reinforcement  because  they 
decompose.    Degradable  materials  such  as 


coconut,  straw  and  others,  temporarily 
protect  seed  and  soil  against  erosion  until 
the  establishment  vegetation,  however, 
once  the  degradable  materials  break  down 
the  project's  success  depends  on  the  success 
of  the  remaining  vegetation.  For  this  rea- 
son, TRMs  must  be  composed  of  durable 
synthetic  materials,  resistant  to  ultraviolet 
and  biological  degradation,  and  inert  to 
chemicals  normally  encountered  in  soil. 

Soil  conditions  that  may  create 
challenges  in  reestablishing  vegetation 
include  the  following  (Gray  and  Sotir  1996; 
Agnew  et.  al.  1998): 

Soil  materials  on  very  steep,  droughty,  or 
unstable  slopes; 

Shallow  or  stony  soils; 
*     Strongly  acid,  strongly  alkaline  or  high- 


exces^^ 
lumfflj  :' 
xier]^^ 


salt  soils; 

Soil  material  containing  reactive  pyrite; 

*  Soils  with  toxic  materials  such  as  exo 
sive  levels  of  arsenic,  copper  of  alumin 

*  Soils  very  low  in  vital  macronutrie 
(nitrogen,  phosphorus,  or  potassium); 

Continuously  wet  and  ponded  soils;  and 

*  Absence  of  essential  bacteria,  fungi  or 
other  beneficial  microorganisms. 

Keys  To  Successful  Installation  / 
Vegetation  of  RECPS 

Improper  installation  of  even  properly 
selected  RECPs  and  vegetative  materials 
may  lead  to  reduced  effectiveness, 
regardless  of  the  effort  taken  to  ensure 
specification  of  the  proper  materials. 
Therefore,  it  is  imperative  the  seedbed  be 
prepared  properly,  that  sound  planting 
techniques  be  employed,  and  that  the  REGP 
be  installed  properly.  This  section  presents 
general  guidelines  to  be  followed  in  installa- 
tion of  the  products. 


Seedbed  Preparation 

The  physical  condition  of  the  soil 
surface  must  be  developed  to  create  a  good 
seedbed  to  encourage  seed  germination  and 
vegetation  growth.  A  good  seedbed  dis 
;T>^;mefbUowine:;quaUties^ 
*,  Firm,  but  not  c 

7    R^aveiy'lQcil  abdv^the  seeding  o^pm5 
to  allow  seed  perietraSbtfand  cover   - 

*  Free  of  weeds,  large  debris  and  large 
rocks1'         ""  ;.'■■'■"■-;■ 

*  Capable  of  holding  moisture  and  at  the 
same  time  be  free  draining 

Favorable  surface  soil  conditions  are 
typically  developed  through  cultivation  by 
ripping  and  plowing  compacted  material, 
then  disking  and  harrowing  or  raking  the 
disturbance.  If  a  surface  is  partially 
vegetated  and  not  exhibiting  the  effects  of 
accelerated  erosion,  it  may  be  most  effective 
to  simply  compliment  the  existing  vegeta- 
tion with  other  techniques  to  increase 
vegetative  cover  and  production.  Such 
techniques  may  include  roughening  the 
surface  with  dozer  tracks,  pitting,  gouging 
and  furrowing  (all  of  which  slow  runoff, 
minimize  erosion,  increase  moisture 
retention  and  compliment  erosion  control 
material  performance). 


Planting  Techniques 

Seed  is  planted  by  a  variety  of 
techniques  including  drilling,  hand  or 
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Table  1 .  Potential  Plant  Species  for  Use  with  RECPs. 


Zones  of 
Adaptation 
(Figure  1) 


Species 


Retardance 
Class 


Drought-Tolerant  Bunchgrass 

5,6,8  Beardless  Wheatgrass 

5,6  Big  Bluegrass 

5,6  Bluebunch  Wheatgrass 

1 .2.5.6.7  Hard  Fescue 
5,6,8  Indian  Ricegrass 
5,6,8  Needle  and  Thread 
5,6  Russian  wildrye 

1 .2.3.5.6  Sand  dropseed 

5,6  Siberian  wheatgrass 

1 .2.5.6.8  Slendar  wheatgrass 
2,3,4,8  Weeping  lovegrass 

1 .2.5.6.7  Sheep  fescue 


C-A 

A 
C-A 
C-A 
C-A 

A 
C-A 
C-A 
C-A 
C-A 
C-A 
C-A 


Drought-Tolerant  Sod  Forming  Grass 

1,2,5,6,7        Canada  Bluegrass  .C-A 

1 .2.3.5.6.7  Tall  Fescue  A 
1,2,5,6,7  Creeping  Red  Fescue  .  C-A 
5,6  Pubescent  wheatgrass  C-A 
5,6  Streambank  wheatgrass  E-C 
5,6  .  Intermediate  wheatgrass  C-A 
5',6                Thickspike  wheatgrass  C-A 

1.2.3.5.6.8  Western  wheatgrass  C-A 
3,4,8  Bermudagrass  C-A 
1,2,3,5,6,7  Timothy  C-A 
1 ,2,5,6,7        K^cky.BlLiegrass^  _     J 

Sand  Stabilizing  ^nts  ''|||||T|||||||  \ 

5,6    •       :- •IPTairie'sandreed    •  A 

1 ,2,3,4,5,6,8  Switchgrass  A 

5,6,8              Sand  bluestem  A 

5,6                 Indian  ricegrass  "C-A 

5,6,8              Needle  and  Thread  A 

5                   Sand  lovegrass  A 

1                   Beachgrass  A 

5,6                 Blowout  grass  C-A 

5,6,7              Sandhill  muhly  C-A 


Acid  Tolerant  Grasses 

1 ,2,5,6,7  Canada  bluegrass 

1 ,2,5,6,7  Perennial  ryegrass 

1 ,2,5,6,7  Colonial  bentgrass 

1,2,5,6,7  Creeping  bentgrass 

1 ,5,6,7  Creeping  foxtail 

1,2,5,6,7  Hard  fescue 

3,4,8  Bermudagrass 

1 .5.6.7  Meadow  foxtail 
1,2,5,6,7  Red  fescue 
1,2,5,6,7  Redtop 
1,2,3,4,5,6,8  Switchgrass 

2.3.4.8  Weeping  lovegrass 

Alkaline  Tolerant  Grasses 

5,6,7,8  Alkali  sacaton 

5,6,7,8  Alkali  grass 

2,3,4,8  Bermudagrass 

1 ,2,5,6,7        Perennial  ryegrass 


C-A 
C-A 
C-A 
C-A 
C-A 
C-A 
C-A 
C-A 
C-A 

A 

A 
C-A 


C-A 
E-A 
C-A 
C-A 


Typical  Applications 
Slope    Channel     Bank    Pipe 
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Land  and  Water 

Site  Specific  Factors  Affecting  Proper 
Vegetation  Selection. 

Selection  of  appropriate  vegetation 
primarily  depended-6h  the  applicatic 
site  specific  climatic  sand  soil  condrf 
The  following  paragraphs  present  key  site 
factors  that  must  by  considered  prior  to 
selecting  vegetation  for  RECP's. 


■ration-is 


Climate 

A  number  of  climatic  variables  affect 
plant  species  selection.  In  developing  a 
practical  list  of  species  used  on  a  particular 
site  it  is  helpful  to  ascertain  the  following 
information:       !■;*?!"■ 

*  Minimum,  maximum  and  average  air 
temperatures  (cool,- humid,  warm,  tropical); 

*  Maximum  ground  surface  temperature; 

*  Length  of  growing  season; 

*  Rainfall  total.and  seasonable  distribution; 
and  -.-'-- 

*  Drought  duration  and  time  of  year. 

This  information  is  useful  in  determin- 
ing if  vegetation  should  be  cool  weather 
resistant,  drought  resistant,  etc.  Under  most 
circumstances.ythe-  National  Climatic  Data 
Center  (NCDC)-or,the -National  Weather 
Service  (NWS)  are?good:  resources  to  obtain 
,  site,  specific  dinMcjdaa. •j&L  _^,, 


SbttProperties'5j|r' '.'    . 

-  Soil  conditions  and  pjopeities  vary 
'dra'maticaiiy  throughout  the  United  States 
(and  often  within  a  project  site).'  Site  specif- 
ic soils  information  is  available'frorn  the  US 
Department  of  Agriculture's  (USDA) 
Natural  Resource  Conservation  is  available. 
These  soil  surveys  also  contain  vegetation 
data  for  various  soil  types. 

Prior  to  selection  of  vegetation  species, 
field  observations  and  soil  sampling 
should  be  performed.    Field  observations 
should  include  depth  to  hardpan  or 
impervious  layer,  density,  lithology,  color, 
texture/structure,  course  fragments,  pres- 
ence of  alkalinity  or  acidity  and  the  native 
vegetation  on  the  site.   Laboratory  analyses 
should  determine  grain  size  distribution,! 
structure/texture,  density,  pH,  exchangeablej 
sodium,  water  repellency,  moisture  andj 
nutrient  content,  trace  elements  and  toxi: 
levels.    At  a  minimum,  a  field  sampl 
should  be  collected  to  evaluate  potenti; 
soil  amendment  or  fertilizer  nee 
amendments  may  include  the  inc 
of  lime  in  highly  acidic  soils,  gyi 

highly  alkaline  soils,  or  organic  matter 
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protect  the  soil  surface  from  wind  and  water 
erosion.  Temporary  plant  materials  may 
include  the  use  of  grain  crops  such  as 
wheat,  annual  rye,  oats  and  others  or  a 
sterile  hybrid  that  provides  temporary  cover 
but  does  not  produce  viable  seed  for  future 
propagation.  When  selecting  annual  plant 
materials,  it  may  be  important  to  prevent 
plants  from  going  to  seed  as  they  may 
become  competitive  with  target  perennial 
plant  materials.  The  most  common  measure 
to  eradicate  annual  plants  is  to  mow  the  site 
prior  to  seed  head  formation.  However,  this 
technique  may  be  prohibitive  on  steep 
slopes  or  in  drainage  channels.  These  sites 
favor  the  use  of  sterile  annuals  to  provide 
initial  vegetation  cover  and  erosion  protec- 
tion, but  do  not  produce  viable  seed  and 
the  potential  for  future  competition  with 
perennials. 

Permanent  Grass  Covers-  The  selection 
of  permanent  vegetation  should  be  based 
on  a  number  of  criteria.  The  plant  species 
should  be  well  adapted  to  the  site  (i.e. 
native)  and  capable  of  reproduction  and 
thus  sustainment  for  the  design  life  of  the 
project.  It  may  also  be  helpful  to  evaluate 
adjacent  undisturbed   areas  to  assist- in  the 


development  of  an  appropriate  species  list. 
When  selecting  permanent  grass  covers,  the 
final  composition  of  vegetation  (grasses, 
forbs,  shrubs  arid  trees)  must  be  considered. 
Ecological  succession  can  be  promoted  by 
using  a  wide  variety  of  plant  materials  that 
work  to  facilitate  gradual  changes  in  the 
plant  communities  over  time. 

Site-adapted  or  introduced  perennial 
plants  can  also  be  effective  in  providing 
permanent  vegetation  cover.  Introduced 
plants  are  often  very  competitive  with  native 
plants,  frequently  to  the  point  of  exclusion. 
The  historical  use  of  introduced  plants 
such  as  smooth  brome  (Bromus  inermis)  or 
crested  wheatgrass  (Agropyron  cristatum)  is 
wide-spread  and  well-documented. 
However,  the  current  trend  is  to  recreate  or 
mimic  the  development  of  native  plant 
communities  whenever  possible. 

Woodv  Plants:  Woody  plants  are  often 
utilized  to  enhance  the  features  of 
permanent  grass  covers  in  environmentally 
sensitive  sites.  Once  established,  shrubs 
and  trees  provide  extensive  soil  holding 
capacity  and  shading  to  retard  the  forces 
causing  erosion.  Roots  mechanically  rein- 
force a  soil  by  transfer  of  shear  stress  (in  the 
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roots)  (Gray  and  Sotir,  1996).    They  may 
also  be  beneficial  in  providing  coyer  for 
animals  and  winter  forage  that  doe; 
become  buried  by  snow. 

Although  in  wide  spread  use  'to 
some  shrubs  and  trees  have  proven  difficult 
to  reestablish.  Many  species  propagate  by 
sprouting  and  are  difficult  to  grow  from 
seedlings  while  others  need  scarification  or 
burning  to  initiate  the  germination  cycle. 
Re-establishment  of  shrubs  and  trees  is  fur- 
ther complicated  by  potential  depredation 
and  competition  from  grasses  and  forbs 
(Draves  and  Berg,  1978).  Although  newly 
emerging  seedlings  are  very  palatable  and 
attractive  to  wildlife,  they  compete  for  water 
and  nutrients  with  quicker  establishing 
grasses  and  forbs.  When  transplanted, 
seedlings  must  survive  the  shock  of  a 
sudden  change  in  environment.  It  takes 
approximately  one  to  three  years  for  newly 
planted  seedlings  to  develop  sustainable 
root  systems  capable  of  adequately  satisfy- 
ing the  plant's  needs.  Soil  properties  will 
mandate  the  extent  of  shrub  or  tree  diversity 
because  of  different  rooting  requirements 
between  the  species.  . 
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We  offer  Northeast  and  Midwest  Natives 
for  Reclamation,  Roadsides,  Wetlands, 
Wildlife  and  Bioengineering  Material. 

Ernst  (?>&*t&en<tevU(m  Seeda, 

(800)  873-3321 

9006  Mercer  Pike,  Meadville,  PA  16335 

Fax:  (814)336-5191,  E-mail:  ernst@emstseed.com 

Website:  www.emstseed.com 

Call,  write  or  fax  us  for  our  full  color  catalog. 


EROSION  CONTROL  SOLUTIONS: 
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Excelsior  Blankets: 

•  Reinforced  With  Stitching 

•  Netting  Options: 

Sljort  To  Long  Term  Photo  Degradable 

Poly  Netting 
Organic  Netting 

•  ror  Permanent  AndTemporary  Erosion  Control 

Products  AvaSanle  In  4"  And  8'  Widths 

•  Inventory  Available  Nationwide 


Also  Available  From  PPS: 

Hydraulic  Mulch 
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grass-lined  systems  will  prolong  the  life  and 
capacity  of  these  basins.  Research  has 
shown  the  ability  of  grassed  channels  to 
enhance  the  deposition  of  sediment  (Clary 
et.  al.  1993).  In  fact,  the  presence  of  vegeta- 
tion has  been  shown  to  increase  sediment 
entrapment  in  some  locations  by  as  much  as 
700  percent  (Clary  et.  al.  1993).  Since  they 
reinforce  the  root  systems,  TRMs  can  extend 
the  performance  limits  of  vegetation  in 
swales  and  channels  by  more  than  100 
percent  (Carroll  et.  al.  1991).    Concentrated 


elevation  or  inundation  at  the  toe.  If  left 
unprotected,  internal  seepage  can  transport 
soil  through  the  bank  face.  Erosion 
protection  plans  must  therefore  consider  a 
wide  variety  of  revegetation  approaches 
including,  but  not  limited  to,  aquatic  grasses, 
woody  plants,  alkaline-tolerant  and  sand- 
stabilizing  species.  Live  plantings  may  be 
required  in  order  to  achieve  immediate 
protection.  Not  only  are  banks  capable  of 
generating  a  tremendous  amount  of  sedi- 
ment themselves  but  the  proximity  to  water 


protecting. the  backfill  surrounding  pipe 
inlet  and  .outlet  areas.  Since  outfall  and 
turbulence  is  avoided  by  most  engineers,  a 
simple  collar; consisting  of  a  TE 
durable  grass' will  provide  an  aestll 
pleasing  system  to  resist  scour  and  "Back 
splash.  When  properly  installed,  this  system 
will  protect  the  backfill  and  transition  stomi 
water  into  and  out  of  the  culvert.  For 
vegetation  selection  purposes  the  entrance/ 
exit,  velocities  and  shear  stresses  are  similar 
to  those  used  for  open  channel  design. 


Figure  1.  Climatic  zones  for  vegetation  adaption  within  the  continental  United  States  (adapted  from  Loft  Seed  Guide). 


flows  during  peak  storm  events  often 
generate  velocities  that  exceed  the  limits  of 
natural  vegetation  (1.5  m/sec).  Some  of  the 
criteria  for  selecting  grasses  in  channel 
applications  are  tilings  such  as  a  grass's  abil- 
ity to  resist  and  rebound  from  extended 
periods  of  inundation  and  dense  root  and 
stem  matrices. 

Shoreline  and  Bank  Protection:  In 
aquatic  environments,  soil  banks  are  subject 
to  rainfall  impact,  runoff  and  wave  impact. 
These  aggressive  conditions  may  be 
complicated  by  rapid  changes  in  water  table 
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bodies  mandate  the  use  of  sediment  control 
devices  such  as  turbidity  barriers,  plant  rolls 
or  coir  mesh.  While  ideally  graded  to 
3H:1V,  steeper  banks  are  not  uncommon  on 
shorelines  of  ponds,  lagoons,  and  dams. 
While  most  of  the  same  criteria  for  choosing 
vegetation  in  channels  applies  to  shoreline 
and  bank  protection  some  of  the  other 
concerns  are,  whether  or  not  the  vegetation 
selected  is  resistant  to  alkaline  environments 
or  resilient  to  wave  attack. 

Inlet/Outlet  Protection:    Rock  rip-rap 
and  concrete  have  traditionally  dominated 
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Common  Classes  of  Vegetation 

It  is  also  important  to  understand  the 
common  classes  of  vegetation  before  select- 
ing a  particular  variety  tor  use  with  arj 
RECP.  The  following  paragraphs  briefly 
explain  the  primary  characteristics  of  eacri 
common  class. 

Temporary  Grass  Covers:   As  previous- 
ly stated,  vegetation  establishment  is  the  kej 
component  to  the  long-term  suc^ 
stabilizing  disturbed  sites.    Te| 
erosion  control  plantings  are  sel 
their  ability  to  establish  a  quick  cover 
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Introduction 

i.       GROWING  concern  regarding  the 
jquality  of  surface  water  has  led  to  increased  ■ 
'awareness  (and  regulation)  related  to  sedi- 
jmerit  and  erosion  control.  Sediment  control 
jiS  a  reactive,  defensive  strategy  designed  to 
jprevent  eroded  soil  particles  from  leaving  aC 
designated  area  or  entering  a  surface  water-  i 
way.    It  includes  such  measures  as  straw 
bale  dykes  in  channels  and  silt  fence  at , 
various  intervals  along  slopes.    Most  often 
sediment  control  is  a  temporary  solution 
used  during  and  immediately -after  earth 
-disturbing  activity:^.pn  ,the:  oth"ejthand,,:a 
erosion;  controls  ;.ajprpactiYe^strategy^,L 
designed  to  prevent  soiljparticles  from':- 
moving,--  'Under  mostCCircurrMan'cesrsedi^ 
>ment  and  erosion  cb'nfrol  are i employed*! 
__during_and  _  immedlat^eiy^ollowmg,.'- 
construction  with  erosion^cbfirxol  being  !tnet! 
permanent  solution.        :    V'%.„;    V 

Traditional  erosion  control  techniques.,,, 
include  seeding  and  mulching  (in  moderate" 
applications)  and  hard  armor  systems  such 
as  rock  rip-rap  or  concrete  (for  severe 
applications).  For  environmental  and 
aesthetic  reasons,  vegetation  is  the  preferred 
approach.  In  fact,  the  United  States 
Environmental  Protection  Agency  (US  EPA) 
states,  "Preserving  existing  vegetation  or 
revegetating  disturbed  soil  as  soon  as  possi- 
ble after  construction  is  the  most  effective 
way  to  control  erosion".  (US  EPA,  1992) 
However,  standard  seed  and  mulch  are 
often  washed  away  prior  vegetation 
establishment  leading  to  erosion.  This  may 
occur  on  even  moderate  slopes  and  in  very 
low  flow  channels.  In  these  cases,  tempo- 
rary RECPs  known  as  erosion  control 
blankets  (ECBs)  or  Fiber  Roving  Systems 
(FRS)  are  often  used  to  hold  seed  and  soil  in 
place  until  vegetation  can  be  established. 
These  products  eventually  degrade,  leaving 
vegetation  as  the  permanent  erosion  control 


measure.    -      ■    .:.  \. 

..L hrmore  severe; applications  (such  as 
steep  slopes,  high:flow(  channels,  and  pipe 
outlets),  .even  well  established  vegetation 
may  not  be  able,  to  withstand  the  erosive 
forces  <5f;\water..   Traditionally,  expensive 
.  Jhafd'sarmor7systems,  have  been  the  only 
.  solvation in  these  cases/  However,  a  relative- 
i  ly^newrfamily  of  permanent  RECPs  known 
.  as  turf  reinforcement  mats  (TRMs)  are  cur- 
rently .bebg  used  to  cost  effectively  extend 
the  use.pf  vegetation  into  more  challenging 
applications.  Unlike  ECBsj  TRMs  are - 
^ompose^jfilOCJIpjercent  UV.  stabilized, 
5^the]fie^nkterials.:;iyhich  do  not-  degrade 
:l,ltfter*^eget2uon*isiestabiished. 


-  -    -With lincreased^uTsejof JRECEsUUs-- 


..imporUnl  to  understand  that 'proper  vege]-'' 

jtaiton,  selection  is,  often  as _: important;  as 

f selectibn'oF a^qAiMity. RECP.  Improper  vege1:  i 

Btario^rselecfl^n  iOT>use  'wjth  an  ECB  carft 

lead  to  failure  of  the  system  after  degrada-.-j 

Itiori  of  the.  ECB  (since  vegetation  is  the  sole; 

long-term  protective  Component).    With 

TRM's,  improper' vegetation  can  lead  to 

reduced  efficiency  of  the  system.    Many 

resources  exist  to  help  RECP  users  and 

specifiers  select  the  proper  vegetation 

or  a  particular  application.    This  article  is 


Key  factors  affecting- 
vegetation  selection  may: 
e  different  for  each 
common  erosion  control 
product  (fJECP)  applica- 
tion,.. Therefore,  it  is 
important  to  understand 
the  inherent  ^differences! 
in       common    ■,-^RECP, 


intended  to  provide  practical  information 
regarding  vegetation  fdr  common  RECP 
appliacations.  i? .  -  >^:      ■'. 

Common  RECP  Applications    | 

Key  factors  affecting'Vegetation  selec- 
tion may  be  different^forfeach  'common 
rolled  erosion  control  -prbduct  (RECP) 
application.  It  may  be  tempting  :to  specify  a 
single  RECP/vegetatibn  combination  over  an 
entire  construction  site.    However,  the  best 
combination  for  protection  of  a  steep  slope 
I  may  not  be  the' best  for  protection,  of  a 
1  channel.  Therefore,  it,  is  important  to'under- 
|  stand  the  inherent- differences rmicdrnrno 


g  stana  me  innerent  ailrerences  ifhCQtnmojfa 
I  RECP  applications  vpribritblsjpecifyM    I  "\ 
{vegfetation     tlic  fpIlcAving5lB|r£pl|F 


■ .  Slope  Protection  f  Exposed^isoll  slopes 
J have'th'e  'pW^Mjo^g^eratea  tremendous 
;-?ampunt  of'sedirnerit:laden  storm  water. 
However,  prompt: final  grading  and  perma- 
nent revegetation  can  reduce  erosion  by  as 
much  as  200  percent  according  to  the 
United  States  Department  of  Agriculture 
(Abt  et.  al.,  1992).  On  3H:1V.  and  flatter 
slopes,  ECBs  and  FRS  are  often  used  to  hold 
soil  and  seed  in  place  until  vegetation  can 
be  established.  In  these  cases,  vegetation 
alone  is  the  permanent  erosion  control 
measure.  On  slopes  steeper  than  3H:1V, 
TRMs  are  often  used  to  hold  soil  and  seed 
in  place  initially  and  to  permanently 
reinforce  vegetation.  Some  considerations 
for  selecting  vegetation  on  slopes  are  germi- 
nation rates,  root  density,  and  whether  or 
not  an  annual,  perennial  or  mix  is  needed. 

Flexible  Channel  Lining:    Storm  water 
runoff  is  routed  through  excavated  swales 
and  channels  for  conveyance  to  detent 
basins.    Since  they  are  typically  limite 
size  and  effectiveness,  reducing  sedime 
load  through   the   use   of  reinforced 
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Installing  Erosion 
Control  Blankets 


Erosion-control  or  soil-retention 
blankets  are  available  in  a  wide 
variety  of  materials  to  solve  dif- 
ferent kinds  of  erosion  problems. 
They  all  share  one  thing  in  com- 
mon —  to  perform  properly  they 
must  be  installed  properly.  Installation 
procedures  can  vary  widely  from  one  man- 
ufacturer to  the  next.  Even  for  a  single 
product  a  manufacturer  may  recommend 
different  installation  methods  depending 
upon  such  specific  on-site  factors  as  soil 
type  and  degree  of  slope. 

The  following  side-by-side  comparison 
of  installation  techniques  for  two  different 
products  illustrates  the  range  of  variabili- 
ty in  applications  and  kinds  of  erosion  con- 
trol blanket  materials,  and  also  illustrates 
the  importance  of  following  manufactur- 
er's recommendations.  These  examples  are 
taken  from  the  Standard  Detail  Sheets  for 


Typical  Slope 
Protection  Applications 

(drawing,  including  legend) 
Installation  of  Two  Different  Products 

Material:  Straw  Material:  Non-woven  monofilament 

Slope:  3:1  or  flatter       Slope:  Steeper  than  3:1 

Soil:  Sandy  Soil:  Clay 

(Blocks  of  data  from  Soil  Retention  Blanket  Standards) 


«P^F 


<%< 


Soil  Retention  Blankets  developed  by  the  mance  standards.  Formal  testing 

Texas  Department  of  Transportation  (TX-  place  at  TXDOT's  research  facility, 

DOT).  Standard  installation  details  are  pre-  the  products  are  installed  in  strict  accor- 

pared  for  each  product  that  successfully  dance  with  each  manufacturer's  published 

meets  the  department's  minimum  perfor-  installation  literature. 


STRAW   BLANKET 
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growing  seasons  and  have  limited  capabili- 
ties in  resisting  damage  and  reducing  ero- 
sion under  severe  conditions.  They  are  typ- 
ically recommended  for  slopes  of  moderate 
grade,  length,  and  runoff  and  in  low-veloc- 
ity channels  where  the  potential  for  damage 
during  installation  and  use  is  minimal- 
High- Velocity  Degradable  RECPs 
This  category  of  materials  is  similar  to  low- 
velocity  degradable  RECPs  in  terms  of 
installation  and  function,  yet  these  prod- 
ucts are  designed  for  more  severe  site  con- 
ditions. High-velocity  degradable  erosion 
control  blankets  are  constructed  with  dou- 
ble or  high-strength  nettings,  and/or 
increased  quantities  or  different  types  of 
organic  fibers.  Their  construction  achieves 
heightened  durability,  effectiveness,  and  in 
some  cases  longevity.  Products  within  this 
class  can  have  a  functional  lifespan  of  one 
to  five  years.  High-velocity  degradable 
blankets  are  generally  used  for  steeper 
slope  protection  and  higher-velocity  chan- 
nel-lining applications  where  natural,  unre- 
inforced  vegetation  is  still  expected  to  suc- 
ceed as  permanent  soil  stabilization. 

Long-Term  Non-Degradable  RECPs 

The  primary  function  of  materials  in  this 


category  is  to  provide  permanent  rein- 
forcement of  vegetation.  These  long-term 
non-degradable,  high  tensile  strength, 
geosynthetic  mattings  are  used  in  critical 
erosion  control  applica  tions  where  imme- 
diate high-performance  erosion  protec- 
tion followed  by  permanent  reinforcement 
of  the  established  vegetation  is  required. 

The  ECTC  continues  to  progress  in  index 
testing  and  performance  standards.  As  new 
erosion  control  blankets  and  mattings  are 
introduced  to  the  market,  performance- 
oriented  classifications  will  be  refined  as 
necessary.  Categorization  of  these  product 
classes  will  likely  become  more  detailed, 
focusing  on  properties  such  as  permissible 
shear  stress/velocity,  installation  stress, 
survivability,  and  longevity. 

Other  industry  organizations  also  are 
involved  in  product  classification  devel- 
opment. The  American  Society  for  Testing 
and  Materials  ( ASTM)  D-35  Subcommittee 
is  focusing  on  standards  development  of 
geosynthetic  materials  and  test  methods  for 
erosion  control  applications.  The  Interna- 
tional Erosion  Control  Association  also  is 
developing  standard  product  classes  for 
hydraulically  applied  mulches,  tackifiers, 
geotextiles,  RECP,  riprap,  and  gabions. 
Much  like  the  development  of  classifica- 


tions within  the  ECTC,  spsctf.c  procjct 
categories  for  these  material  •••ill  be  -e- 
ated  as  index  testing  and  perform,;- ce 
research  verify  the  need. 

The  importance  of  standardized  p.- 
uct  classifications  for  the  ere--.  >n  an  -.-. 
industry  grows  with  the  inrroc.ctioii  <nd 
use  of  new  products.  Le.id:r;  mdu  re- 
organizations are  acting  to  di'-iiop  vjo\- 
dards  as  quickly  as  possible  To  de,  >e 
practical  working  standard?  ::r  em--.  ,n 
control  products,  these  orgamzinons  i  i«:d 
input  from  the  specifiers  and  era' -user-  of 
these  materials. 

If  vou  would  like  tobeinvo!-.  rd  in  f'.rc- 
ing  new  standards  for  the  indu-rrv,  pii-^e 
contact  the  ECTC  or  1ECA  at  :r-  addnss- 
es  listed  below: 

Erosion  Control  Technology  C  .'unci! 
P.O.  Box  9526 
Moscow,  ID  83843 

International  Erosion  Control  Ai*>ciation 

P.O.  Box  4904 

Steamboat  Springs,  CO  8047- 

Deron  N.  Austin,  E.I.T.  is  nu'tr: : :  eit^imvr 
for  Synthetic  Industries  lite  ...v./.Tcney  Driv- 
er is  president  of  BonTerra  Aw..-'  Inc. 


ECTC  Has  Your 
Best  Interest  In  Mind 

The  ECTC,  Erosion  Control  Technology  Council,  is  a  professional 
organization  founded  to  promote  important  aspects  for  the  specificHron 
and  use  of  rolled  erosion  control  products.  Our  members  possess  re 
years  of  experience  and  technological  know-how  to  supply  valuable 
information  to  those  who  utilize  erosion  control  methods. 

The  goal  of  ECTC  is  to  provide  application,  technology,  specification, 
and  proper  installation  information  of  rolled  erosion  control  products  ta 
the  specification  community,  installers,  and  ultimate  customers.  In 
return,  members  receive  association  privileges  and  collaborative 
opportunities  with  fellow  industry  members. 


AKZO  Nobel  Industrial  Systems  Co. 
American  Excelsior  Co. 
Belton  Industries 
BonTerra  America,  Inc. 
Conwed  Fibers 
Nicolon  Mirafi  Group 


North  American  Green,  Inc. 
PPS  Packaging  Co. 
Synthetic  Industries 
Tensar  Earth  Technologies.  I- 
Verdyol  Alabama,  Inc. 
Verdyol  Plant  Research  Ltd. 


If  you  are  interested  in  becoming  a  member  or  wish  to  know  how  EC" 
can  help  you,  contact  ECTC,  P.O.  Box  9526,  Moscow,  ID  83843. 
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ty.  These  materials — some  available  with 
seed  pre-incorporated  into  their  struc- 
tures— are  applied  by  being  rolled  out  in 
'  ■Hmate  contact  with  the  soil  surface  and 
hored  down  with  staples,  stakes, 
.d/or  anchor  trenches. 
Erosion  control  blankets  are  applicable 
on  sites  requiring  greater,  more  durable, 
and  /or  longer-lasting  erosion  protection. 
Applications  for  erosion  control  blankets 
range  from  gradual  to  steep  slopes  (up  to 
lh:l  v),  low-to-moderate  flow  channels,  and 
low-impact  shore  linings.  Since  these 
degradable  materials  are  designed  to  pro- 
vide temporary  erosion  protection,  they  are 
generally  limited  to  areas  where  natural, 
unreinforced  vegetation  alone  will  eventu- 
ally provide  long-term  soil  stabilization. 

Geosynthetic  Mattings 

Geosynthetic  mattings  consist  of  various 
UV-stabilized  synthetic  fibers  and  fila- 
ments processed  into  permanent,  high- 
strength,  three-dimensional  matrices. 
Common  products  include  cuspated 
polyethylene  meshes  heat-bonded  togeth- 
er; extruded  monofilaments  of  nylon  or 
PVC  heat-bonded  at  their  intersections; 
and  crimped  polyolefin  fibers  and  other 
materials  mechanically  stitched  between 


high-strength  BOP  nettings. 

Geosynthetic  mats  are  designed  for  per- 
manent and  critical  hydraulic  applications 
such  as  drainage  channels,  where  design 
discharges  exert  velocities  and  shear  stress- 
es that  exceed  the  limits  of  mature,  natu- 
ral vegetation  (1-6  mps  13-20  fps]).  The 
three-dimensional  profile  And  high-tensile 
characteristics  of  these  mattings  function 
as  a  loftv  matrix  for  entanglement  of  plant 
roots  and  soils  to  form  a  continuous  com- 
posite— a  unified,  living  mat.  This  syner- 
gism increases  the  lateral  strength  of  the 
rootsystems,  reducing  plant  dislodgement 
under  high-velocitv,  high-shear  stress 
flows.  Reinforcement  of  vegetation  with 
geosynthetic  mattings  has  become  an  alter- 
native to  rock  riprap  and  other  forms  of 
non-vegetated  lining  materials. 

As  opposed  to  erosion  control  blan- 
kets, geosynthetic  mattings  are  usually 
installed  in  a  manner  thai  best  optimizes 
plant-root  interaction  with  mat  structure. 
Tvpical  installations  involve  rolling  out 
and  fastening  the  geosynthetic  mat  in  con- 
tact with  the  soil  surface  and  in  filling  with 
fine  soil  and  a  prescribed  seed  mix.  A 
geosynthetic  mat  installed  in  this  manner 
is  a  turf-reinforcement  mat.  Other  geosvn- 
thetic-mat  installations  involve  a  direct 


deployment  of  the  material  over  a  fresh- 
Iv  seeded  soil  surface,  allowing  the  natu- 
ral sedimentation  process  to  fill  in  the  mat 
and  to  allow  a  more  gradual  development 
of  a  reinforced  vegetated  lining.  A  prod- 
uct used  with  this  specific  technique  is 
sometimes  referred  toasa  permanentero- 
sion  control  revegetation  mat. 

Standardization  Efforts 

The  Erosion  Control  Technology  Council 
(ECTC),  an  organization  formed  by  RECP 
manufacturers,  is  developing  classifica- 
tions for  open-weave  geotextiles,  meshes, 
erosion  control  blankets,  and  turf-rein- 
forcement mats.  Since  these  products  span 
temporarv  and  permanent  erosion  control 
applications,  an  application-based  classi- 
fication system  isa  necessity.  Therefore,  the 
ECTC  has  established  a  performance-ori- 
ented classification  system  to  help  group 
all  these  products.  The  following  categories 
are  being  used  by  the  ECTC: 

Low- Velocity  Degradable  RECPs 

This  category  encompasses  single-net 
organic  fiber  erosion  control  blankets, 
biodegradable  natural  fiber,  and  pho- 
todegradablegeosvnthetic meshes.  Products 
within  this  class  generally  last  one-to-two 


SOIL  SEAL  CAN  HANDLE  IT 
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SOIL  SEAL  CONCENTRATE 
A  Soil  Stabilizer 


High  grade  copolymer  proven  effective  in 

DUST  ABATEMENT -SLOPE  STABILIZATION  -  HYDROSEEDINC 

and  all  areas  of  EROSION  CONTROL. 


Soil  Seal  Concentrate  is  distributed  internationally. 

SOIL  SEAL  CORPORATION 

7766  INDUSTRY  AVE.,  PICO  RIVERA,  CA  90660 
(213)  727-0654  •  FAX  (310)  942-9412 
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Custom  wire  forming 
for  the  erosion  control 
industry 


Cove  West 

Div.  of  Cove  Four-Slide 
&  Stamping  Corp. 

1 2282  Knott  Avenue 
Garden  Grove,  CA  92641 
(310)596-4416 
Fax:(714)891-3731 

Cove  Four 

Cove  Four-Slide 
&  Stamping  Corp 

195  East  Merrick  Road 
P.O.Box  272 
Freeport,  NY  1 1 520 
(516)379-4232 
Fax:(516)379-4563 

All  types  of  sod  staples 
and  mulch  pins  In  stock. 
Call  for  free  sample. 
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(Continued  from  /«*>(•  4S) 
tion.  However,  quick  seed  germination 
requires  enough  precipitation  to  sustain 
seedling  development.  For  these  reasons 
hydraulic  mulches  are  most  desirable  on 
sites  close  to  water,  inaccessible  to  dry 
mulch  blowers,  or  more  highly  manicured 
environments  where  short-term  aesthetics 
are  a  strong  consideration. 

Overtime,  improved  tackifiers  and  bind- 
ing substances  have  been  developed  that 
form  a  tenacious  bond  to  the  mulch  fibers. 
Bonded  fiber  matrices  have  shown  impres- 
sive results  in  the  laboratory,  and  enhanced 
performance  under  field  conditions. 

RECPs 

In  the  late  1960s,  faced  with  the  limita- 
tions of  conventional  mulching  tech- 
niques, manufacturers  initiated  thedevel- 
opment  of  what  has  become  a  diverse 
hierarchy  of  RECPs,  including  erosion 
control  nets,  open-weavegeotextiles, ero- 
sion control  blankets,  and  geosvnthetic 
mattings.  Manufactured  from  wood  excel- 
sior,  straw,  jute,  coir,  polyolefins, 
polyvinyl  chloride  (PVC),  and  nylon,  this 
growing  familv  of  materials  enables 
designers  to  incorporate  the  superiority 
of  long-fibered  mulches  with  the  tensile 


strength  of  dimensionally  stable  nets, 
meshes,  and  geotextiles. 

Erosion  Control  Nets 

This  class  consists  of  two-dimensional, 
woven  natural  fibers  or  geosynthetic  biax- 
ially  oriented  process  (BOP)  nettings  that 
are  used  to  anchor  loose-fiber  mulches  such 
as  straw  or  hay.  Erosion  control  nettings  are 
rolled  out  over  the  selected  and  mulched 
area  and  stapled  orstaked  in  place.  Because 
they  are  not  glued  or  stitched  to  the  mulch, 
these  nettings  do  not  provide  the  same 
degreeof  structural  integrity  offered  bv  pre- 
fabricated erosion  control  blankets.  How- 
ever, erosion  control  nettings  used  in  con- 
junction with  loose-fiber  mulch  generally 
provide  increased  performance  over 
hydraulically  applied  mulches.  Therefore, 
erosion  control  nettings  are  suitable  for  use 
under  moderate  site  conditions,  where 
open-weave  erosion  control  geotextiles  and 
blankets  are  not  necessary. 

Open-Weave  Geotextile  Meshes 

Erosion  control  meshes  are  woven  or  pro- 
cessed natural  or  polyolefin  yarns  formed 
into  a  two-dimensional  matrix.  Examples 
of  natural  products  include  jute  and  coir 
(coconut)  textiles.  The  more  closely  woven 


construction  of  these  materials  enables 
them  to  provide  erosion  control  with  or 
without  the  use  of  an  underlying  loose- 
mulch  laver.  Furthermore,  these  mesh-" 
typically  display  higher  tensile  stre 
than  most  nettings.  They  often 
employed  where  higher  strength  is 
required,  as  on  steepened  slopes  or  as  a  rein- 
forcing underlay  for  sod.  Some  erosion 
control  meshes  display  very  high  tensile 
strength  and  can  be  used  as  slope-facing 
for  bioengineering  installations,  especial- 
ly where  woody  plants  are  used  as  the  nat- 
ural stabilizing  material. 

Erosion  Control  Blankets 

Erosion  control  blankets  are  constructed  of 
various  degradable  organic/synthetic 
fibers  that  are  woven,  glued,  or  structurally 
bound  with  nettings  or  meshes.  The  most 
widely  used  erosion  control  blankets  are 
composed  of  fibers  such  as  straw,  wood 
excelsior,  coconut,  polypropylene,  or  a 
combination,  stitched  or  glued  to  geosvn- 
thetic BOP  nettings  or  woven  natural-fiber 
nettings.  This  classification  spans  a  very 
broad  application  range,  since  alterations 
in  the  fiber  and  netting  components  can 
instill  various  degrees  of  blanket  effec- 
tiveness, durability, and  functional  longevi- 


Sement 


Dust  Retardant 


The  Standard  for 
Performance  Excellence 

for 

Erosion  Control 

Silt  Pollution  Prevention 

Slope  stabilization 

Fugitive  Dust  Control 

Storage  Pile  Sealing 

Seeding 


MIDWEST 
INDUSTRIAL 
SUPPLY,  INC. 


For  complete  information 
and  product  application  video,  call 


1-800-321-0699 


FAX  216-456-3247 

P  0.  Box  8451  •  Canton.  OH  4471 1 
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Valves,  Turn-out  Gates  &  Flap  Gates 

»      ■  Control  Water  Level  of  Wetlands, 
Ponds  and  Lagoons  or  manage 
the  water  table. 

■  Water  Tight  Seal 

■  Ask  Bert  For  FREE  Catalog 

"We  work  hard  to  make  them  work  for  you' 


Strong 

Durable 

Dependable 


10  years  of  experience 

FIBERGLASS 

UTILITY  SUPPLIES,  INC. 

R.R.  Box  70  •  Libertyville,  Iowa  52567 
Phone:  (515)  693-3311    Fax:  (515)  693-4131 


Patented  in  U.S.  and  Canada 


Circle  #31  on  Reader  Service  Card 

KROSION  CONTROL  •   51 


■$- 


i 


CLASSIFYING  ROLLED  E/tyg, 

Keeping  soil  in  place  is  far  more  ^Ww  tfi^ 

pffprtivp  than  attemntinff  to  tran  it  ^^  BxJ 


effective  than  attempting  to  trap  it 
after  it  has  become  suspended  in 
water  or  air  as  the  result  of  erosion. 


'-~N        Toney  Driver    4^^r 
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Architects,  engineers,  contractors, 
and  land  owners  are  becoming 
increasingly  aware  of  their  respon- 
sibilities to  use  erosion  and  sedi- 
ment best  management  practices 
in  their  projects.  Design  professionals  are 
planning  for  both  erosion  prevention  and 
sediment  trapping.  Contractors  and  land 
managers  are  taking  recent  legislation  seri- 
ously and  are  implementing  various  soil- 
'etention  measures  on  their  jobs.  Through 
a  variety  of  educational  processes  they  are 
realizing  that  erosion  control —  the  process 
of  restraining  the  initial  movement  of  soil 
particles  by  wind  or  water —  is  the  most 
proactive  and  cost-effective  way  of  com- 
plying with  regulations. 
Years  of  field  research  and  extensive  labo- 
ratory analyses  have  verified  that  protec- 
tion of  the  soil  surface  via  permanent  veg- 
etation is  an  efficient,  economical,  and 
aesthetically  pleasing  form  of  erosion  con- 
trol. The  need  for  devices  to  assist  the  estab- 
lishment of  vegetation  has  inspired  an 
industry  of  professionals  dedicated  to  the 
manufacture  of  rolled  erosion  control  prod- 
ucts (RECPs).  RECPs  are  designed  to  pre- 
vent erosion  immediately  upon  installa- 
tion, assist  the  growth  of  vegetation,  and 
provide  long-term  soil  stabilization 
through  the  establishment  and  mainte- 
nance of  vegetative  cover. 

Common  Product  Terminology 

Terms  such  as  "mulches,"  "erosion  control 
blankets,"  and  "turf-reinforcement  mats" 
have  been  used  for  many  years — some- 
times interchangeably — to  define  a  variety 
;of  erosion  control  products.  Although  these 
'  terms  may  be  understood  by  well-trained 
erosion  control  specialists,  many  engineers, 
designers,  and  installers  may  become  con- 


fused by  the  hierarchy  of  product  classifi- 
cations and  their  intended  applications.  A 
fundamental  understanding  of  various 
engineered  product  categories  is  necessary 
to  ensure  their  cost-effective  specification 
and  use.  Since  the  generic  classes  already 
mentioned  encompass  a  wide  variety  of 
today's  erosion  control  materials,  it  makes 
sense  that  each  category  has  a  functional 
range  of  erosion  control /revegetation 
applications. 

Conventional  Mulching.  Mulches  have 
been  used  for  decades  to  offer  immediate 
seed  and  soil  protection  from  erosive  forces 
and  accelerate  vegetation  establishment. 
Benefits  of  mulches  include: 

•  Assisting  in  soil  stabilization,  immedi- 
ately reducing  wind  and  water  erosion; 

•  Reducing  soil  temperatures,  decreasing 
soil  moisture  evaporation  and  heat  stress 
upon  plants; 

•Capturing  and  retaining  moisture,  reduc- 
ing soil  moisture  loss; 

•  Capturing  blowing  snow  to  increase  the 
insulating  effect  of  winter  precipitation; 

•  Decomposing  into  valuable  organic  mat- 
ter that  becomes  incorporated  into  the  soil. 

Loose  Mulches.  Straw  and  hay  are  the 
most  commonly  used  mulching  materials. 
However,  loose  straw  and  hay  fibers  must 
be  of  sufficient  length,  10  cm  to  20  cm  (4  in. 
to  8  in.),  to  interlock  and  offer  the  optimum 
"mulch  effect."  The  grea ter  the  fiber  length 
of  the  mulch,  the  more  effective  the  mulch 
is  at  providing  benefits.  On  flat  to  gently 
sloping  terrain,  dry  mulches  are  typically 
machine-applied  at  rates  of  3,370  kg/ha  to 
4,490  kg/ha  (1.5  tons/ac.  to  2.0  tons/ac.) 
and  are  anchored  into  the  soil  using  dull- 
bladed  coulter  disks  known  as  crimpers. 


Tackifiers.  As  slope  angles  increase, 
crimping  techniques  are  replaced  by  vis- 
cous oversprays  used  to  anchor  the  mulch 
fibers  to  themselves  and  to  the  ground. 
These  oversprays,  termed  "tackifiers,"  are 
generally  comprised  of  asphaltic  emulsions; 
petroleum  distillates;  emulsions  of  copoly- 
mer acrvlates,  latexes,  and  polyvinyl 
acetates;  clay  colloids;  and  dry  powdered 
vegetable  gums  derived  from  guar,  psylli 
urn,  and  sodium  alginase.  Tackifier  appli, 
cation  rates  vary  depending  upon  the  prod 
uct,  severity  of  site  conditions,  climate,  and 
desired  longevity  of  the  installation. 

Hydraulic  Mulches.  In  the  1 960s  hydrauli- 
cally  applied  mulches  composed  of  wood, 
wood  cellulose,  paper  pulp,  and  recycled 
newsprint,  and /or  cardboard  fibers  were 
developed  as  alternatives  to  conventional 
dry-mulching  techniques.  They  offer  the 
convenience  of  a  one-step  application  in 
which  seed,  fertilizer,  soil  amendments, 
and  mulch  may  be  applied  in  one  pass  of 
a  hydraulic  seeder/mulcher. 

Hydraulic  mulch  fibers  must  generally 
be  less  than  1.27  cm  0/2  in.)  in  length  to 
pass  through  the  pumps  of  the  hydraulic 
seeder/mulcher,  which  diminishes  their 
"mulching  effect." 

Hydraulic  mulches  do  have  advantages. 
The  short  fibers  coupled  with  their  ability 
to  absorb  water  during  application  enable 
hydraulic  mulches  to  readily  adhere  to 
steep  slopes.  The  addition  of  tackifiers  to 
the  hydraulic  slurry  also  may  enhance  the 
tenacity  of  the  fibers.  Hydraulic  mulch 
applications  are  generally  "cleaner"  tha 
sometimes  dusty,  dry  mulches.  The  moi 
ture  retained  by  the  mulch  during  appli 
cation  may  even  stimulate  seed  germina- 
(Continucd  on  i>ii$c  51 ) 
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